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SUMMARY 


An assessment was made of the possible levels of exposure to diflubenzuron 
(Dimilin ) that might be experienced by birds, non-target aquatic organisms, and 
humans as a result of the anticipated uses of this insecticide on cotton, 
soybeans, hardwood and coniferous forests, and in mosquito control. The 
evaluation was conducted by U.S. Department of Agriculture, Land-Grant University 
Scientists, and U.S. Environmental Protection Agency, | and was drawn from data 
available in USEPA files and published information. 

Avian Exposure. Direct application of diflubenzuron to crops, forests, and 
water will result in low-level exposure of certain avian species to 
‘diflubenzuron residues, primarily through the diet. However, comparison of the 
maximum anticipated exposure levels to the demonstrated lowest effect levels of 
diflubenzuron on birds indicates that in no case will anticipated uses of 
diflubenzuron result in any discernible effects on birds, either acute or 
chronic. This is due both to low application rates of diflubenzuron in all 
proposed uses and to ats demonstrated low acute and chronic toxicity to birds. 
Diflubenzuron will not accumulate to any appreciable degree in waters capable of 
supporting fish, it is not highly bioaccumulated by fish, and thus its use 
_ should result in only very minimal exposure to fish-eating birds 

Exposure to Non-Target Aquatic Organisms. A variety of non-target aquatic 
organisms may be exposed to residues of diflubenzuron as a result of its use on 


water, crops, and forests. Studies have shown that diflubenzuron is not 


highly toxic to fish and other aquatic vertebrates. Based on available data, it appears 


likely that direct application of dif lubenzuron to water for mosquito control will cause 
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should minimize run-off from these environments because diflubenzuron adsorbs 
strongly onto organic matter. The potential for significant diflubenzuron 
movement away from application sites through run-off is further reduced by the 
fact that the compound generally has a short persistence in soils (half-life </ 
days). 

There are no experimental data available on the long-distance transport of 
diflubenzuron or any other pesticide down river drainage basins after run-off 
events. However, research personnel at the USEPA Water Quality Laboratory, 
ie GA, have utlized a mathematical model in an attempt to obtain some 
estimation of the compound's potential for entrance into and movement down major 
drainage basins. Projections were made of diflubenzuron residue levels entering 
streams at the point of field discharge, and these were coupled with projections 
of dilution, transport, and degradation in the mainstream flow to give 
projections of diflubenzuron concentrations at the mouths of selected river 
systems in the southern United States. The drainage basins of the rivers 
considered comprise much of the cotton and soybean production areas that will be 
subject to diflubenzuron treatment. 

It must be emphasized that no direct experimental data regarding the 
run-off of diflubenzuron fron treated fields was available for the 
development of the USEPA cue Further, many assumptions had to be made in the 
development of the model that allowed data output to be kept at manageable 
levels, yet some of these are not representative of either the likely 
diflubenzuron use patterns or of the environmental parameters likely to occcur. 
Assumptions in the model that are of particular significance include: 

1) That weather patterns over all of the drainage basins are identical with 
respect to tine and intensity and thus that mineoff Will take place inal} 


ficlds in all basins at the same time. In reality, except for rare major storms 
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of hurricane proportions, summer rainfall in the cotton and soybean belts is 
almost always associated with localized thunderstorms, thus areas subjected to 


run-off at any one time will be a small fraction of the whole. 


2) That crops will be treated with diflubenzuron at uniform rates on a 
beltwide, uniform schedule. Actually, the distribution in time of diflubenzuron 
applications throughout the cropping areas will be a continuum over the entire 
Berean sezcank with the frequency of application varying considerably, thus 
the likelihood of large scale run-off of freshly applied material fron the 


cropped areas is greatly reduced. 


3) That all of the cotton and/or soybean acreage within the drainage basins 
will be treated with diflubenzuron. This is not likely to occur, 

because projected use patterns of diflubenzuron indicate that on cotton and 
soybeans, actual acreages treated with diflubenzuron will probably not exceed 


about 15% and 5%, respectively, of the acreages planted to these crops. 


4) That all run-off fron treated areas will be discharged directly to flowing 
streams for immediate and continuous transport by rivers. However, major 
reductions in diflubenzuron concentrations through adsorption to soils, 
settling, and chemical breakdown, would take place as delays in movement over 


swales, ditches, or drainage systems occur. 


Without compensation for the errors introduced by the assumptions listed 
above, oe model projects that diflubenzuron residues discharged at 
the mouths of certain rivers vont periodically reach the low part per billion 
range, Raia iimanoieted residues were generally sub part per billion. If the 


concentrations projected by the mode] did indeed occur periodically in water 
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discharged by these river systems, adverse effects on populations of certain 
non-target aquatic organisms might occur. Based upon available laboratory 
toxicity data, the species potentially affected would include mysid-, grass-, 
and brine shrimp, and blue- and marsh crab. 

Modeling projections of the levels of diflubenzuron or any other pesticide 
that might be discharged by major river systems would appear to be, at best, of 
limited value if the projections are not based on validated scientific 
parameters. In the case of diflubenzuron, there are no data indicating that the 
proposed uses of diflubenzuron will result in any residues being discharged into 
estuarine or salt water environments, thus the possibility that diflubenzuron 
may interact with any organisms in such environments still needs 
resolution. | 

Human Exposure: Dietary. Estimates were made of maximum or “worst case" 
dietary human exposure to diflubenzuron if the compound is used as an 
insecticide on cotton, soybeans, forests, and for mosquito CONERO 1s ake 
mosquito and forest applications of diflubenzuron will not likely lead to any 
significant residues entering the human food chain. Cotton and soybean uses 
may, however, result in exposure to diflubenzuron and/or its metabolites through 
direct human consumption of cotton or soybean sced and their processed 
fractions, and consumption of meat, milk, and eggs from livestock and poultry 
fed cottonseed and/or soybean seed fractions from diflubenzuron-treated crops. 
Fish may also be a source of dietary exposure to diflubenzuron, if run-off or 
drift from treated crops occasionally results in appreciable water residues 
that persist for several days. 

“Worst: Case" projections for all potential dietary sources of diflubenzuron 
indicate that even under the most adverse circumstances, diflubenzuron residues 


entering the human food chain will be extremely low. Based on available food 
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consumption tables and the "worst case" levels of diflubenzuron that might 
appear in various foodstuffs, total diflubenzuron exposure to the average human 
will not exceed 0.00002840 mg diflubenzuron/kg body weight/day. Maximum dietary 
exposure to diflubenzuron residues of infants consuming formula containing 
soybean fractions would be on the order of 0.00024 mg/kg/day assuming that all 
of the soybean fractions in the formula contained 0.05 ppm diflubenzuron, the 
minimum sensitivity level of the cake enforcement level. Taking into 
account that diflubenzuron will be used only on a relatively small proportion of 
the total cotton and soybean acreages (~15% and ~5% for cotton and soybeans, 
respectively) and that residues in seed of treated crops will in essentially all 
cases be below 0.05 ppm, it seems likely that average human dietary exposure to 
diflubenzuron will be much less, perhaps 1/10-1/100, of the "worst case" 
estimates obtained. 

Human Exposure: Applicators, Field Workers, Bystanders. Projections were 
made of the potential exposure of diflubenzuron to applicators, field workers, 
and bystanders as a result of its use on cotton, soybeans, forests, and as a 
mosquito larvicide. These estimates suggest that persons involved directly in 
the application process (mixer/loaders, ground spray equipment operators, etc.) 
will be subject to considerably higher levels of diflubenzuron exposure than 
will either field workers-or bystanders and residents present in or near the 
treated areas. Most of the potential exposure to applicators and associated 
personnel will be dermal rather than respiratory, and persons involved in the 
formulating (in the case of granular for mosquito control), mixing, and loading 
Pee ons may be subject to potential diflubenzuron exposure at levels 
comparable .to or higher than those of the applicators themselves. The number of 
bystanders potentially exposed to diflubenzuron will be greater as a result of 


its use on cotton and soybeans than for other applications, primarily because of 
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12 
the much larger acreages involved, higher number of repeat applications, and the 
number of residents within closer proximity to the treated fields. Current 
cultural practices for potentially treated sites are such that field workers 
(equipment operators, scouts, etc.) are not expected to receive substantial 
dermal or respiratory exposure as a result of the diflubenzuron applications. 
The estimates of potential human exposure to diflubenzuron generated here should 
be useful in any subsequent analysis of the possible risks associated with this 


insecticide. 
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INTRODUCTION 


In January 1978 the U.S. Department of Agriculture and the U.S. 
Environmental Protection Agency established a joint team to conduct a benefits/ 
exposure assessment of the chitin synthesis inhibitor insecticide, diflubenzuron 
(Dimilin®). The document herein was generated by USDA, Land-Grant University 
Scientists and EPA to evaluate, to the extent possible, the degree of exposure 
to diflubenzuron that might be experienced by birds, non-target aquatic 
organisms, and humans (both through the human diet and by direct exposure to 
applicators, field workers, and bystanders) as a result of diflubenzuron use. 
This report arose primarily as the result of three meetings, at Crystal City, 
VA, April 25-26, 1978; Athens, GA, June 6-7, 1978; and Belisville, MOsyduily 25,5 
1978. It is being provided to EPA and to the Joint USDA-STATE-EPA 
Benefits/Exposure Study Team on Diflubenzuron with the hope that it will be of 


value in the regulatory decision-making process concerning diflubenzuron. 
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PROJECTED EXTENT OF USE 


The potential exposure associated with diflubenzuron will be directly 
related to the extent of use, and since diflubenzuron is currently registered 
only for control of the gypsy moth on hardwood forests, actual use experience is 
limited. Therefore, projections of potential use related to pending and 
projected registrations were made. Resource persons were assembled to develop 
estimates on possible diflubenzuron use in view of their knowledge of insect 
problems, of current control practices, and of research results with 
diflubenzuron. Estimates were made of quantities of diflubenzuron that might be 
used for control of (1) the boll weevil on cotton, (2) the velvetbean 
caterpillar, green cloverworm, and Mexican bean beetle on soybeans, (3) the 
gypsy moth on hardwood trees, (4) the Douglas fir tussock moth in western 
coniferous forests, and (5) mosquitoes breeding in intermittent fresh water. 

The estimates generated (Table 1) are optimistic projections of uses that 
might be anticipated. These estimates are essentially the same as those that 
are being used in the benefits studies being conducted by the Joint 
.USDA/State/EPA Study Team and are compatible with the pending labels for use 
on cotton and the originally proposed label for soybeans (Table 2). The 
estimates for gypsy moth will not be valid unless the current gypsy moth label 
or the current interpretation of the label by the USEPA is modified. however, 
the estimates were made in relation to the desired use envisioned by the USDA 
and its cooperators. Similarly, there is not a pending label for use of 
diflubenzuron against the Douglas fir tussock moth, but estimates are included 


because of the potential importance of this use. Also, estimates for the 
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18 
Table 1. Projected extent of use for selected uses of diflubenzuron. 
Most likely No. Acres to be Treatment 
; rate of treated acres Lb 
Pest Site lb AI/Acre) appl. (in-1000*s)—(in-1006"-s) AJ 
Boll weevil Cotton 0.0625 6.0 1,5404 9 240 577 ,500 
Velvetbean Soybeans 0.0312 iM 11,250? 1,375 42 ,900 
caterpiller 
Green clover- ; 
worn 
Mexican bean 
beetle 
Gypsy moth Hardwood 0.0312 ee 500° 650 20 ,300 
trees ; 
Douglas-fir Conifer 0.125 1.0 44¢ 44 5 500 
tussock moth trees 
"Mosquitoes Inter- 0.025 1.0 400° 400 10,000 


mittent water | 
ies 656 ,200 


nen ec a att USIIEIEEII SISSIES EERE 


@ Based on acres in which insect control costs exceed $45/acre. Also, 
equal to about 50% displacement of current boll weevil insecticide on acreage 
requiring treatment. Based on 50% replacement of insecticides now used for 
these insects. Acreage used in benefits analysis may vary slightly from this 
number. © Estimates of needs for control, containment, and eradication in 
government programs. These estimates are based on needs for 1979, 1980, and 
1981. Outbreaks occur about once every 9 years, if 400,000 acres were 
‘treated as a result of each outbreak, the annual average would be about 44,000 
acres. © Expert estimate based on the potential replacement of up to 400,000 
acres of 1,412,000 acres of intermittent water treated for larval control. 
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19 
Table 2. Summary of proposed uses and maximum application rates for 
diflubenzuron. 
| Rate 
Use Lb/Al/acre/application Maximum total Ibs Al/season 

Cotton O02 06755—" 02125 575 
Soybeans 0.0312 - 0.0625 07125 
Hardwood Forests : 

(gypsy moth) 0.0312 - 0.0625 0.0625 
Coniferous Forests 
(tussock moth) Oe125 0.125 


Mosquito control ~ 0.025 - 0.04 0.08 
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mosquito use are not compatible with the pending label, but were developed 
around the most critical needs for mosquito control with the assumption that 
label modifications might be made in the future to permit diflubenzuron use 


against mosquitoes on such important sites as flooded or irrigated pastures. 









Uy | 
og | | 


‘ree Wis wd - 


boqofaveb sisw dud ,fedsf pntbwed off Aohy oldisaqmoo jon 916 32 


‘ody HON SQoues nit AXiw fovJaoS eFtyprom wr ebssn Teahdiae teom oF 
<i 
Seu notwsnscultih Jiwieq oF stuju? ait wi shed od fabim enti My | 


esuiteng betepiy? 1 Sebool? 26 2932 Insjroqml dogs Ae 260 Tiuneee 





*S|aAD| BNPLSd4 dSdYy 0} pasodxd aq PLNOM SwaySASOI0 peuny [no Lube pue 3ysou0j 
BurqiqeyulL saLoads pilq SNOUOALURUH JO AZBLULA BPLM Y *SpadaS SP SsAd| eNPl Se 
JE{LWLS BACY 0} paqzoadxa aq plNoM “yons se “pue OL}eU DWNLOA/BIPJuNs a, qesaedwod 

P BALY P[NOM ‘sease paqzedsz, awes aseyz uo *4L4b pasodx3 °spaas pasodxa 

03 wdd ppl pue 2°Z Jo ‘uolrqeoiydde Ancennein Ayayerpawwt sanpiseaa payoedxa 

WNWLXeW UL 4{NS8d PLNOM SA LaALQoedseu “uo3309 pue sureqhos sop fauoe/]Y QT 
SZ21°0 pue GZ90°O 3e Saqeu uoLqediiddy -Sansodxq JAH pue peas pea Asezelg 


ST3A31 SYNSOdXS NVIAV OSLVWILSS 


*uoL}OaS SNOLAdud |yz UL Passnostp 
useq sey (T 21421) suoitqeoitdde pasodoud asey4 40 yora so} udounzusqn|{ Jip 
JO asn jo quazxe peyzosfoud Syl supak uad suoiqeoLidde om} JO wnwLxeWw eB YzLM 
auoe/IV GL pO0°0-SZ0°O St [O4qUOD BPAJP] OyLNbsow sol swayze YySsed4 4uaqqLwsaqUL 
01 ajyeu uoLjzeoLtdde pasodoud sh ‘uoseas sad uoLljeolidde ouo jo wnulxeu eB YLM 
auoe/I¥ GL SZ1°O 24 LLIM 27e4 uoLyzeottdde ay} ‘yzow yOOSsNy Uij-se_inog sy} 40 
[O4JUOD UOJ S$}S94OJ SNOUBJLUOD UJ *UOSRSS Jad uoLjzeoLidde suo jO wnwWwixew e UPL 
aJoe/IV G1 $Z290°0-ZIE0°O WO} e4e SazeI uoLjeotidde ‘sqysavof POOoMpsey UL YZOUW 
KsdkB ayy JO jOuyuod 404 “UOSPAS Burmouh sed suoLjeotidde om} JO WnWLxeu BP YL 
polar /i¥ 41..$29020-c1£0%0 aue- suraghos 0} Sajzeu uolzeottdde pasodoug *uOsPas 
Buimou6 ued auoe uad Ty GL SZ°O 30 whwxeu BP uyim Sauoe/TY GL S21°0-9290°0 94e 
U0}309 0} sajzeu uorjzeotidde pasodoug *2-919e1 Ul paztuewwns se sj{aqe| pasodoud 
JO quauund uodn paseq sem “S}Sas0j} pue fuaqzem uso quaqqiuuaqur ‘sueaqhos 
*u0}309 uo uoanzuaqn|4 tp jO Sasn ay} Aop * Juawssesse aunsodxa uPLae SLUL 


SRLVY NOTLVII Idd ONY SNUILLVd 3Sf 


JUNSOdXd NVIAV 


le 






















LOLGE 9uq VALYcoJENLa] ECORepEwe monjq ps oxbagon: #0 cae 24 


Mocidile {GACTS BF 2G6g2" y MING ATLIGID Of 8.904 AOLONe pikg : abel 

=a 
COWUSLEDIS 27k 4ICG\ACIMS LECIO aug” G2 ancy" MONIY Ps Bxdoc req £0 
Geog 2ecqe* exbe2dy dupr’ ou pyeen gous r\careq $L.692" noma. 
SkKDSC(eQG LAPT qiiee wie igpey? iC} omg’ abby se9¢;0u? OL \*5 o1 
iP VI\TCKS" (On eoAperer si correo LG2UGCE IAG A" ar 


469A Reeq geed suq LIE Pxboenle- ybbyyceryow terse 


CeLINVLED YVAIYH E¥SOOMME CTEAET? 


Fizcneree i fps buerjone 2ecrioue 
MGW 40. Mutp oc. pete bLohoesq wbhjsco¢ your fyanye 1) 

“itp Y Wee sum Of CAO Sho Ieee {Our ben Negi": jie bLolsecreq exrsu 
iUPEMOISEeur {LGky mMEreL 19% wordnd.o jU-496 COuUPrLay 42 27082-0"9 
Mt} 3 Wseger 2. owe bb) 1o9Fiov ber 269z0uU* lys biobozey bi Ft 
Oi ERS [OM ee-i an preeoce worry” sys abby pest you LICG MP)! 9 OTs 


Hite S SPV OE OVS Sbhy1e9C jou bey seazour jy CoulLSLane: 


7 
LOe 13 YSLONGOG LOLe2ce’ sbbjicgejou Leper ais t/OW O°ORTS 0°04 Se 
“ec o wae gunn Oy. peo shh) joe your be, aLOMind eegzous pot cou . 
essen" praheseq sbbyppoer pou xapse go SOAPESR « TLS 00215008 x 
He O'GQS2G" 152 JP ViletLe? migp g wx jours Ce 0" he JP WE 06 
OLebOrch Jupseje ve SUSE TRG A poppe s* a fo 3 ones 
a al LHEGLOLEROUE Lhitags geen? TU, EOLEZER” on 


INI? 54/9u GxbeeniG *eaeerMRUET (ok Ep ye nasa ¢ 


Me al vw a ms oon 


J . 





22 


Food Utilization: Soybeans. A number of waterfowl, song bird, and upland 
game bird species are known to utilize soybeans in their diets (Gusey and 
Maturgol, 1973). At the time of treatment, the soybean seed is within the 
unopened pod thus unexposed to the field application. The whole pod is expected 
to have a maximum residue level of 0.75 ppm assuming a maximum treatment rate of 
0.0625 1b Al/acre. It is expected therefore that the seed itself will have even 
lower residue levels. 

Douglas-Fir. It is anticipated that diflubenzuron will be applied at 0.125 
1b Al/acre to suppress Douglas-fir tussock moth populations. As a consequence 
of that application maximum residues of 2.2 ppm were found to occur on 
Douglas-fir buds or newly emerging shoots (Shea, 1977). These buds or newly 
“emerging shoots can be an important spring food source for forest dwelling 
grouse. | 

Fish. The highest rates in water would be most likely found immediately 
following direct application to water. The minimum water depth expected to 
contain a viable fish population is assumed to be about 6 inches. The maximum 
direct water treatment rate called for by the label is 0.04 1b Al/acre, which 
would produce a maximum expected residue in the water immediately following 
application of 14.7 ppb. The maximum reported uptake ratio from water to fish 
meat (Booth et al., 1976) is 134x found for bluegills. This factor, multiplied 
by the maximum water residue, is 1.97 ppm. Thus, the maximum potential dietary 
exposure of piscivorous birds feeding exclusively upon such fish would be on the 


order of 2 ppm. 


METHODOLOGY 


The calculated maximum expected residues in water or on vegetation were 
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derived mathematically from information contained in a USEPA aphtane paper 
(Tucker, 1975). In turn, the basic data for this paper were largely adapted 
from Kenaga (1973). These papers, using surface-volume (weight) ratios, give 
calculations of deposited residues upon media of varying sizes and shapes 
assuming perfectly even spray deposition. They do not account for residue 
losses such as wore be caused by drift, chemical breakdown, or other factors. 
Experimental data are given to show that these maximum expected residues can be 
obtained under ideal deposition conditions. These residue levels could only be 
exceeded by improper application techniques. The value given in these papers is 
58 ppm/pound/acre for grain-sized seeds such as wheat. The value given for 
legume pods is 12 ppm/pound/acre. The base value given for water residue is 
367.5 ppb/pound/acre on water exactly one foot deep. This value would occur if 
both perfect spray deposition and perfect mixing in the water occurred. This 
value does not take into account losses due to drift, adsorption, or chemical 


breakdown. 


COMPARISON OF MAXIMUM EXPOSURE LEVELS TO LOWEST EFFECT LEVELS 

Since the maximum calculable exposure levels appear to be well below the 
minimum effect levels shown for avian test species in all available valid long- 
term tests, no attempt will be made to quantitatively account for environmental 
factors that would tend to reduce both initial residue deposits and further 
diminish residues over tine. 

The theoretical maximum avian exposure for a single application from this 
eee 14.4 ppm by way of the diet. This figure is well below the lowest 
chronic effect level (40 ppm or greater) found in any valid avian toxicology 
study reviewed. Therefore, it seems reasonable to conclude that under the use 
patterns being once ds diflubenzuron poses little acute or chronic danger to 


domestic or wild avian species. 
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MULTIPLE APPLICATIONS 

There is no well-accepted mathematical model Renle for estimation of 
residues resulting from multiple applications of a pesticide to plant matter 
that may serve as feed for birds. However, the following method is proposed, 
in the absence of chemical-measured residues under field conditions. Initial 
residues are estimated by the methodolegy given in a USEPA Criteria paper 
iTucker, 1975). 

For a treatment rate of 0.125 1b Al/acre, the maximum expected initial 


surface residues for various dietary components of herbivorous birds are: 


PPM 
‘seeds A ee 
forage 7 
leaves & leafy crops 16 
long grass 14 
short grass 30 
debris (grit, dirt, etc.) 1 
animal matter 1 


At the time of the development of the USEPA Critera paper (Tucker, 1975), the 
label for cotton use allowed up to 12 applications at Dui2or bony acre 
Mertication at 5-day intervals. Thus, the calculations reported below are based 
on this prior Jabel that allowed twice as much total diflubenzuron/acre on 
cotton as does the current label. 


ee DEERE 


*] ppm is used for this calculation on the assumption that about 85% of 
the residue on seeds would not be eaten if the bird rejected the seed hull 
when feeding. 
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Although vegetational half-life data are not available, both laboratory and 
field studies suggest that diflubenzuron will persist and accumulate on foliar 
surfaces (Verloop and Ferrel, 1977; Nimmo and deWilde, 1974). Although these 
data indicate that the half-life of diflubenzuron is greater than 2 months, it 
was assumed that plant growth would cause at least a two fold dilution of even 
the most persistent residues. Thus, a residue half-life of 60 days is a worst 
case Situation. 

A bobwhite quail's diet consists of approximately 87.5 percent vegetative 
matter, 10 percent animal matter and 2.5 percent debris (Stoddard, 1936; 
neenzee: 1948; Rosene, 1969). Of the vegetative matter eaten, nearly 76 
percent and 4 percent consists of seeds and forage, respectively (Rosene, 

* 1969). The additional 7.5 percent is comprised of long grass, short grass, 
leaves and leafy crops. Obviously, the exact breakdown of these. secondary food 
sources varies considerably. As such, in order to simplify the calculations it 
was assumed that each of these food sources are consumed in equal amounts. 
Using these assumptions the following dietary profile for bobwhite quail was 


used to calculate exposure levels: 


Seeds = 76 percent 

Forage = 4 percent = 
Leaves and leafy crops = 2.5 percent 

Long grass = 2.5 percent 

Shorte grass) =12.5 percent 

Debeis = 2.59 percent 

Animal matter = 10.0 percent 


The formula used for residue contribution (in ppm) for any time of concern for 


each feed itan resulting fron each treatment is: 


a 
R.C.= Ry (0-5) 5 
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residue contribution 

initial time 0 residue deposit 

residue half-life 

age of residue (days) at time of concern 


where, R.C. 
R 
h 


a 


noun 


Table 3 gives the computed residue contribution by feed type for each dietary 
component on day 55, the day of the last diflubenzuron application. Once the 
residue profile has been constructed, the next step is to determine what 
proportion of a bird's daily diet is made up of each vegetational type. By 
multiplying the proportion of the bird's diet by the residue expected to occur 
on the vegetational type (see Table 3), the dietary intake of toxicant 
associated with each vegetational type can be determined. By summing the 
intakes associated with each vegetational type, estimates of the total daily 


dietary intake can be made. 


fe) Seedsne 26 (8:91 )2= 6377 

Oem rorage =) .04 (62.37) = 2.49 

3. Leaves and Leafy crops = .025 (142.56) = 3.56 
4, Long grass = .025 (1742/4 = 3.) 

5. Short grass = .025 (267.30) = 6.68 

6. Debris = .025 (8.91) = 0.22 

7. Animal matter = .10 (8.91) = 0.89 


Total PPM in diet (sum of above): 23./2 


_ As in the previously described scenario following a maximum single application, 
residue levels fron multiple applications appear to be below the minimum effect 
level such that no chronic reproductive effects are expected. The fact that 
current label restrictions reduce the maximum amount of diflubenzuron applied to 
cotton by 50% over that assumed in the above calculations is an even more 
definitive ¢ndication that such use will have no discernible effects on avian 


species. 
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EXPOSURE TO NON-TARGET AQUATIC ORGANISMS 


DIRECT APPLICATION TO AQUATIC HABITATS FOR MOSQUITO CONTROL 

The W25 (25% Wettable powder) formulation and W-25 granule (formulated by 
abatement district personnel using 30 pounds of W-25 formulation, 2957 pounds of 
20/30 mesh coarse sand, 10 pounds of larvicide oi] and 3 pounds of Hysil) will 
probably be used to control mosquito larvae in overflow, intermittently flooded 
sites associated with urban and residential areas, drainage ditches and lagoons 
from dairy and swine holding areas, and temporary rain and snow pools. For 
control of mosquito larvae including Culex, Anopheles, Psorophora, and Aedes 
species diflubenzuron will probably be used at the rate of 0.025-0.04 1b Al/acre 


“of water. For aerial application, diflubenzuron will probably be applied in 0.5 


to 4 gallons of water/acre and for ground application in 5-100 gallons/acre 
according to the type of equipment used. Repeat applications can probably be 
made in 7 to 9 days or as inspection indicates increase in density of 4th instar 
larvae or reappearance of first instar larvae in the breeding habitat. The 
granular formulation should be used promptly at the rate of 10 to 16 pounds per 
acre. 


The acute effects of direct applications of diflubenzuron to aquatic 


_habitats at application rates of 0.04 1b Al/acre (0.03 ppm in water 15 cm deep) 


on non-target aquatic organisms have been summarized (Table 4). Tadpole 

shrimp, clam shrimp, Daphnia, Mysid shrimp (Mysidopsis bahia), Gammarus, glass 
shrimp, Notonecta unifasciata, Brine shrimp, Midges, and May fly (Callibaetis) 
populations would be reduced some 50% or greater by diflubenzuron applications 
applied at rates used to control mosquito larvae. Ficld test data show that all 
organisms listed in Table 5 would be reduced by at leastweoss aS. a result of jone 


diflubenzuron application at the registration request rates of application 
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Table 4. Laboratory tests - Acute toxicity of diflubenzuron to certain non-target aquatic organisms. 


























LCeq ppm 
Reference Very Reference Reference 
Cited Sensitive Cited Sensitive Cited Tolerant 
1 Tadpole shrimp 0.0006 (24 hr) 6 Notonectid 0.01 (72 hr LC39) 1 Seed shrimp 5.0 (24 enr) 
1 ° Clam shrimp 0.0004 (24 hr) 9 Callibaetis 0.3 (7 day) iL Copepods 10.0 (24 hr) 
i Daphnia 0.018 (48 hr) 5 Dragonfly 0.05 (7 day) 
Gammarus 0.04 (48 hr) 5 Hydrophilid 0.1 (48 hr LC39) 


Ww ff 
> 


Glass shrimp 0.045 (48 hr) Midge larvae 0.56 (48 hr) 


4 Grass shrimp 0.64 (48 hr) 


SE nn oe 


1. Miura and Takahashi (1974). 2. Julin and Sanders (1978). 3. Campt (1977). 4. Petrocelli, (1975). 


5. Miura and Takahashi (1975). 6. Miura et al. (1975). 
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Table 5. Effects of diflubenzuron on non-target aquatic organisms - Field Data. 





Reference Concentration % 
Cited Organism (PPM) Reduction 

2 Daphnia (recovered in 8 weeks) 0.003 +99 

] Copepods 0.013 50 

1 Daphnia (recovered in 6 weeks) 0.013 +99 

3 Daphnia (recovered in 2 weeks) 0203 +90 

4,6 Dragonfly 0.03 33 - 50 

4 Notonectids 0,03 67 

3S Laccophilus OS Oe 30 

4,5,6 Hydrophilids 0.03 50 

2,7 Copepods 0.03 47 - 60 

4 Corixidae nymphs 0.03 40 

a Hyallella azteca 0.03 2¥/ 

rhs: Mayflies 0.03 50 - 64 

9 Palaemonetes pugio 0.03 85 

) Uca pugnax 0.03 43 

8 Cyclops sp. OF012 100 

8 Boxmina longirostris Hee k ie 100 

8 Diaptomus sp. 0.012 ; 100 

8 Daphnia laevis 0.012 100 

8 Ceriodaphnia OF Oke 100 

8 Caenis sp O501Z 99 

8 Hyalella azteca 0.012 100 


Be a ee 


1. Colwell and Schaefer (1978). 2. Apperson et al. (1978). 3. Miura 
and Takahashi (1975). 4. Farlow et al. (1978). 5. Miura et al. LAD TE de 
6) Steelman et al. (1975). 7. Mulla ect al. (1975). 8. Ali and Mulla (1978). 
9. McAlonan (1976). ; 
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(0.025-0.04 Ib Al/acre). Field test data indicated that no organism populations 
shown in Table 6 were reduced by as many as 6 applications of diflubenzuron at 


the 0.025 lb Al/acre rate of application over an 18 month period. 


DIRECT APPLICATION TO AQUATIC HABITATS BY AIRCRAFT APPLYING DIFLUBENZURON TO 
COTTON, SOYBEANS, AND FORESTS. 

Farm ponds, lakes, rivers, or any other aquatic habitat can receive 
relatively heavy doses of pesticides due to jnadvertent direct spray from aerial 
applications (Stewart et al., 1976). A worst case would be the application of 
diflubenzuron to an aquatic habitat at the highest rate likely in the 
registration for use of diflubenzuron on cotton, or for tussock moth control in 
forests (0.125 1b Al/acre). In this case, the aerial applicator would Fad-beeeO) 5 
stop the application at the end of the area to be treated and continue to apply 
diflubenzuron at a rate of 0.125 1b Al/acre over an aquatic habitat (i.e., farm 
pond, drainage canal, lake, stream, etc.). This would result in a relatively 
high concentration of diflubenzuron being applied directly to the aquatic 
habitat. If the aquatic habitat was 15 cm deep, this would result in an initial 
concentration of 100 ppb in the total volume of water covered by the 
application. Fifteen centimeters of water was chosen for this example of worst 
Case since it represents an aquatic habitat that would support some species of 
fish as well as other aquatic taxa. At this concentration of diflubenzuron in 
the aquatic habitat, certain organism populations listed in Table 4 would be 
effected at the L€sg response level or probably ae this level in some 
cases (tadpole shrimp, clam shrimp, Daphnia, Mysid shrimp, Gammarus, glass 
shrimp, notonectids, and dragonflies listed in Table 4 and all taxa, listed in 


Table 5). 
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Table 6. Effects of diflubenzuron on non-target aquatic organisms - Field 
Studies - No Population Reduction at 0.03 ppm. 


ee ee eSSSSSC~C—‘SSS 


Reference Reference 

Cited Organism Cited Organism 

4 6 Midge larvae 5 copepod 
4 Callibaetis 4 notonectids 
4 Physa sp. A 4 Hydrovatus cuspidatus 
4 Mesovelia mulsanti 4 Trichocorixa louisianae 
4 Caenis Sp. 4 Callibaetis sp. 
4 Noteridae 4 Hydrovatus SP. 
4 Bidessini 4 Chironomidae 
4 Ephydridae 4 Dolchopodidae 
4 Tabanidae 4 Gambusia affinis 
4 Jordanella floridae 4 Buenoa Sp. 
4 — Berosus exiguus 4 Tropisternus laterilis 
4 Enochrus blatchleyi 4 Laccophilus proximus 
4 Hvdrocanthus Sp. 4 Suphisellus sp. 
4 Celina angustata 4 Onychylis nigriostris 
4 Listronotus appendiculatus 4 Lissorhoptrus sp. 
4 Belostoma Sp- 4 Taphromysis louisianae 
4 Paleamonetes paludosus 4 Procambarus clarki 
4 Berosus Sp. 4 Tropisternus Sp- 
4 Enochrus Sp. 4 Laccophilus 
4 Muscidae 4 Stratiomyiidae 
4 Pachydiplax sp- 4 Belonia Sp. 
4 Anax sp. 4 Mesovelia Sp. 
4 Liodessus affinis 4 Cambarellus Sp. 


—_——————_——— 
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This treatment of the aquatic habitat represents the immediate residue 
level to which these non-target organisms would be exposed and does not include 
reduction in residue concentrations caused by dilution by untreated or running a 
water, uptake on sediment, or breakdown of the parent compound in the treated 
habitat. This situation does occur in some areas likely to be treated with 


diflubenzuron, thus, the initial situation was presented as a worst case. i 


CONTAMINATION OF ADJACENT GROUND AND WATER BY DRIFT OF DIFLUBENZURON FROM AERIAL 
APPLICATIONS TO COTTON AND SOYBEAN FIELDS, AND FORESTS. 

Farm ponds or any aquatic habitat can receive relatively heavy doses of 
pesticides by drift from aerial applications (Stewart et al., 1976). Based on 
‘drift deposition data derived from Yates et al. (1974), we calculate that the 
decrease in deposition rate with outward distance fron the edge of a large crop 
area treated at 0.125 1b Al/acre (150 g/ha) will decrease as follows (area 


treated by 60 swaths): 


sa ree ET a 


Distance ° Deposition Rate Concentration in Water? 
(meters) TiAl /aere g/ha 15 cm depth in ppb 
0 0.125 150 100 
25 2a 26 150 100 
45 0.076 BeO2 62 
100 0.040 49 33 
200 0.024 as) 19 
400 0.014 16 1 
800 0.0082 10 bee 
1200 0.006 be. 4.5 


@ These calculations are for the'drift dispersion of a formulation of 
diflubenzuron in cottonseed oil, which travels about 1.5 x further than a 
water-based enulsion. Flight conditions as described in Table 7. 


b No allowance was made for attachment of diflubenzuron to sediments. 
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Table 7. Cumulative off-target drift deposits from £0, 40, and 60 adjacent 33 
feet wide swaths applied with a stearman aircraft? (upper 99% 


confidence limit). 


RE “; 
Distance Downwind, weOT Up Lico 
Ets __ VolumeS? 


nn Mi iy oe RR ae 


(20 Swaths-1/8 mi) (40 Swaths-1/4 mi) (60 Swaths-3/8 mi) 


83 64.9 ; 70.9 74.9 
149 31.5 37.4 40.9 
314 14.0 18.5 21.8 
644 6.6 9.6 12.6 

1304 an? 5.7 7.4 
2624 a a2 4.4 
3044 Tee NG 3.0 


I ee 


@parameters: Nozzles - Spraying Systems D6-45; Nozzle Orientation - 
Down; Application Rate - 3.7 GPA (Mean of 3 Tests); Spray Material - Oil/water 
Emulsion; Wind Speed (Crosswind) - 8.2 MPH (mean of 3 Tests); Stability Ratio - 
0.20-0.74 (Stable); Nozzle Pressure - 38-41 PST; Airspeed - 100 MPH; Dy 00nS.12e-— 
175 VMD; Height of Flight: 9-5 feet. PComputed from data in Tablees st aus 
Peal. (1974). CRased on 99% confidence jimits. Actual regression line would 
give values 2/3 of Prewoe ce values: When 01) only is used with 
diflubenzuron, multiply values eh dan ele 
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The water concentrations are those which would be caused by deposition of 

_ drift on the surface area of an open pond or aquatic habitat at these distances 
from the edge of a sprayed area; the diflubenzuron being uniformly distributed 

through the 15 cm depth (6 inches, total volume). 

There is no allowance for removal of diflubenzuron by adsorption on organic 
matter or sediment in or under this aquatic habitat. Such adsorption 
would reduce the concentration of diflubenzuron to much lower levels. 

These levels cannot be calculated without postulating given amounts of sediment, 
but reduction to values less than 10% of the calculated values will happen 
rapidly. 

The drift of diflubenzuron over aquatic habitats previously discussed would 
Peeut in concentrat ions of 6.0 ppb in water 6 inches in depth that would be 
acutely lethal (LCsq) to tadpole and clam shrimp, Daphnia, and mysid shrimp 
at a distance of 1200 meters from the edge of the treated field. At distances 
of 0 to 25 meters, the concentration would be 100 ppb in 6 inches of water, 
thus, acutely affecting tadpole and clam shrimp, Daphnia, mysid shrimp, 
Gammarus, glass shrimp, notonectids, dragonfly naiads, and Hydrophilid 
larvae (Table 4), as well as all taxa listed an Table 5. 

Although information and data are not available to calculate estimates of 

- deposits from drift of diflubenzuron during aerial application to forests, the 
data in Table 7, along with appropriate adjustments, can serve ds a guide to 
expected deposit levels. Greater vegetation height and increased variability of 
terrain over that found in cotton and soybean applications resul. 1) greater 
heights of spray release and potentially increascd drift. However, the 
screening effect of tall trees tends to reduce drift deposits at ground level 


(many drifting particles deposit on the foliage before they can reach the 
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ground). When coupled with the low rate of application (0.0312-0.125 1b 
Al/acre) and the fact that only one application per season is expected for gypsy 
moth or tussock moth control, these factors suggest that drift deposits from 
forest treatments will likely be significantly lower than those for cotton or 
soybeans. 
DIFLUBENZURON RUN-OFF FROM TREATED COTTON AND SOYBEAN FIELDS, AND FORESTS 
The estimates of the concentrations of diflubenzuron that may be expected 
in aquatic systems affected by run-off from treated areas have been made in 
three ways. 
1. By evaluation of laboratory or field residue studies dealing directly 
with the runoff potential of diflubenzuron. 
2. By analogy and extrapolation from data with other pesticides. This, 
however, is limited to small watershed areas where actual observations 
exist. 
3. Using projections based upon computer calculations with models that use 
inputs defining weather, streamflow, soil properties, descriptions of use 
patterns, and chemical properties of the pesticide. Procedurally, these 
calculations lead to predictions of water flow, sediment production and the 
amount of pesticide transported. Depending on the extent of the 
assumptions made, pesticide concentrations can be estimated both close to 


treated areas and at distances down stream channels. 


Estimates of potential diflubenzuron runoff based on extrapolation from 
data on other pesticides or on computer calculations using models are based on 
the same projected usage. For cotton, this is four applications of 0.0937 1b 


Al/acre (43 g/hectare) at seven-day intervals beginning on June 15th each 
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year. The total application is thus 0.375 1b/acre (170 g/h). For soybeans 
two applications, each of 0.0312 Ib Al/acre (14 g/h) .are projected for a total 
of 0.0625 1Ib/acre (28 g/h). Maximum forest application would be one 
application/year at either 0.0625 (gypsy moth) or 0.125 (tussock moth) 1b 
Alfacre. Each of these usages is consistent with the proposed label. 

Laboratory and field run-off studies. Two studies are available that deal 
directly with the run-off potential of diflubenzuron. One of these (Gemma, 
1975) was a laboratory investigation in which diflubenzuron (Dimilin W25, 1 1b 
Al/acre equivalent) was applied to the surface of a Missouri Valley clay loam 
soil in an inclined tray (10% slope). Artificial rainfall (~1.5 inches over a 
2-hour period) was then provided at 1, 3, and 7 days after treatment, and the 
. run-off water was collected and analyzed for diflubenzuron residues. The 
results of the analyses showed that in all cases, diflubenzuron residues in the 
run-off water were <0.01 ppm. 

A recent study by Collins (1978), reported the levels of diflubenzuron in 
water (Chowan County, North Carolina) resulting fron diflubenzuron's use in the 
pilot boll weevil eradication program. Water samples were collected from 
several streams and tributaries receiving run-off from diflubenzuron-treatec 
cotton fields, and were analyzed for diflubenzuron residues. The fields had 
received as many as 16 treatments of diflubenzuron during 1976-77 (0.03-0.06 Ib 
Al/acre/treatment), with application of the 25 WP formulation made by fixed-wing 
aircraft. Analysis of numerous water samples Ponti eet es during 1977) showed 
that residues were in all cases <0.005 ppm diflubenzuron, the sensitivity of the 
analysis procedure. 

Comparison with other pesticides. The potential runoff of diflubenzuron 
was considered in light of available data on other pesticides. In the case of 


cotton, since diflubenzuron will be applied to a closed canopy of mature cotton 
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plants, it is assumed that 30% reaches the soil directly. Bull and Ivie (1978) 
showed that 23% remained on the leaves 21 days after application, following a 
heavy rain. We therefore assume that /5% would wash off, so that for each 


application of 43 g/h, we should have 


Initially on soil 12 g 
Initially on pTants 30 g 
Wash-Oft (30) x20. /5) eee 


Total on soil for run-off Bbeg 

Assuming the half-life of diflubenzuron on the soil to be 7 days, the 
amount present on the soil after the last application to cotton will be 67.5 g/ 
hectare (36 + 18 + 9 + 4.5). Applications to soybeans will be less regular in 
time, but it may be assumed that there would be about 20 g/hectare after a 
second appliction. Choosing a worst possible case from Stewart et al. (19.7505 
as shown in Table 8, we may envision losses up to 10-15% of that on the soil in 
heavy run-off from cotton or soybeans grown on steep land (15% slope). On more 
representative cropland areas (5% slope or less), the worst probable loss is not 


likely to exceed 1% of soil residues. On this basis, we calculate: 
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Se ea ee 


Crop Soil Residues (g/h 1% loss 10-15% loss : 
g/hectare 
p i 
Cotton Gino Sey Jinn 
Soybeans 20 0.2 2-3 


SS Trae 8 


Jo SS 


If these totals are carried in 1" of run-off water (2.5 cm), the 


projected concentrations will be: 


aR eed With C weees Biter 


Crop Overall concentrations (ppb) 

1% _loss 10-15% loss 
Cotton 2.0 28 - 44 
Soybeans 0.8 8 - 12 


eee 


Transport of the same amounts in less water would give proportionally higher 
concentrations, and it is conceivable that if the assumptions forming the basis 
of these calculations are correct, concentrations could approach 100 ppb in 
run-off from very steep land. | 

Calculation of the Ajetripution of this total diflubenzuron between water 


and sediment would require assumptions about sediment concentration jij mute 
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run-off and also its particle size distribution. Since these are uncertain 
numbers that change rapidly with time, projection of this distribution for the 
rapidly changing situation at the foot of the field is without significance. 
Adsorption of diflubenzuron by sediments is, however, of more significance in 
long-distance transport. 

These calculations may be compared with earlier experience with residues of 
other pesticides that has shown that concentrations of pesticide residues in the 
waters of farm ponds located adjacent to treated cropland areas are correlated 
with the amount of pesticide applied in the area and the length of time between 
the application and the first heavy rain. Data have been published which 
indicate that pesticide concentrations in ponds located near cotton fields were 
significant after application and especially high when intense rain closely 
followed the application. Pesticide concentrations in these aquatic habitats 
were high (55-184 ppb) if the first rainfall occurred within 2 weeks after 
application. By contrast, if the first rainfall occurred 6 weeks after 
application, the pesticide residues were only 2-29 ppb. There are also reports 
that indicate that farm ponds are not always contaminated fram rainfall run-otf 
-pesticide residues even when adjacent to treated croplands (Stewart et aves 
1976). 

If, following Nimmo and de Wilde (1975), we assume a decrease in 
diflubenzuron residues in cotton Prelicamitheaghod plseeot, + week, residues 
will be down to about 25% of the applied concentration by July or August. Bull 
and Ivie (1978) reported that there was little further decline in residues over 
the winter. If the soil remains undisturbed without plowing or cultivation, We 
may therefore assume that erosian TethenlatG inten. Or can), spring would 
release up to 20% of a similar event to that which had occurred 9-10 months 


earlier. The predicted values in this second event would then be 1/ Seok athose 
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calculated for immediate rainfall run-off. However, if the soil is plowed or 
cultivated, the winter or spring losses will be much less. Assuming that the 
residues were present in the top 1 cm of soil before plowing and are uniformly 
distributed through the 15 a@™ depth afterward (ame aX dilution), the fraction of 
the original application remaining on the surface and liable to loss in run-off 
in the late winter or spring would be no greater than 1.3% [ae 70%/i5) 00 that 
lost in a similar event 9-10 months earlier. The predicted concentrations for 
this second event would then be between 1 and 2 % of those calculated for 
immediate run-off. If the diflubenzuron were not uniformly mixed to the 15 cm 
depth, but wholly buried by the inversion of the topsoil during plowing, the 
concentrations would not exceed 0.1% of those in immediate run-off. 

The use of diflubenzuron in forest insect control will often be associated 
with lands of considerably greater slope than in the case with cotton and 
soybean production, but there are no experimental data to indicate the extent of 
run-off from treated forests. However, application rates on forests are low 
with respect to the potential application rates on cotton, and it is know that 
diflubenzuron adsorbs strongly onto organic matter (Nye, 1977). Thus, the high 
“organic content of the forest floor should minimize run-off fron these 


environments. 


PROJECTION OF RUN-OFF AND TRANSPORT USING MATHEMATICAL MODELS 

Since there are essentially no observational data available on the long- 
distance transport of pesticide residues down stream channels after individual 
run-off events, no projections for diflubenzuron based on the behavior of other 
chemicals are possible. However, 4 mathematical approach for projecting 
diflubenzuron loadings and concentrations in several river systems has been 


taken using Version Il of the USEPA Agricultural Run-of f Management (ARM) Mode] 
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developed by Donigan et al. (1977). This calculation gives projections of 
diflubenzuron concentrations entering streams at the point of field discharge 
into streams. This, coupled with calculations of dilution, transport, and 
degradation in the mainstream flow further permits calculation of projected 
concentrations and persistence of diflubenzuron at downstream points remote from 
the application areas. Complete details of the calculation and results are 
available (Falco et al., 1978). The immediate discussion that follows will be 
confined to a presentation of the principal results and a discussion of the 
significance of the results in terms of the assumptions made. 

Areas Selected. Calculations were completed for the drainage basins of the 
Tombigbee, Brazos, Colorado, Atchafalaya, and Nueces rivers, all of which drain 
directly into the Gulf of Mexico, and for the lower Mississippi, comprising the 
St. Francis, Arkansas, White, Yazoo, and Big Black rivers. All were chosen 
because they contain large cotton and soybean acreages and have high potential 
for run-off. The results of similar calculations for the Rio Grande, Trinity, 
and Pearl rivers were not used in the final analyses for reasons discussed 
below. 

Selected Cropping Patterns. The calculation was performed assuming that 
diflubenzuron would be applied to cotton alone, and repeated assuming that both 
cotton and soybeans would be treated. Total acreages for both crops in each 
basin were estimated from data supplied by State Reporting Services. It was 
further assumed that the entire crop in each watershed would be treated 
according to the schedule described above; no allowance was made for the 
possible effects of partial treatment of the land area, or variations in 
application schedules. This assumption was necessary to keep the amount of 
computation within the practical limits and to avoid excessive proliferation of 


output results. 
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Weather Conditions. The rainfall and evaporation patterns over all the 
river basins were assumed to be those reported for Beeville, Texas. This 
location was the only suitable reporting station for Pe eiriicient data were 
readily available. Calculations were run with rainfall patterns for each year 
from 1971 to 1975. The error in the estimates arising from the assumption that 
it rained everywhere in all the basins- at the same time and with the same 
intensity and duration is thus partially offset by the range of conditions 
experienced over these years. It may be noted that the occurrence of an 
unusually heavy storm in 1971 permits the inclusion of the calculated 
consequences of such an event. 

Stream flow data. Daily observations of stream flow data from 1971 to 1975 
used in the calculation of stream dilution and transport were obtained from 
United States Geological Survey files; no calculation was performed where data 
did not exist. Estimated times of travel for each river were obtained from the 
United States Army Corps of Engineers. 

Soil Stability and Hydrologic Characteristics. The necessary parameters 
describing soil behavior and effects of crop management on run-off and 
-erodibility were obtained from United States Soil Conservation Service data. 
Details of these model inputs, together with those for crop areas, stream flow, 


sediment loads, and travel times are available (Falco et al., 1978). 


CALCULATED CONCENTRATIONS IN COASTAL DISCHARGES 

The maximum projected daily poneentra tions in the water at the mouths of 
rivers, assuming the weather patterns of 1971 Aninertghey Meche hae presented in 
Table 9. Table 10 contains the average daily concentrations for the summer of 
each year at the same locations. Both Tastes contain separate estimates for 


loadings caused by applications to cotton alone and by applications to cotton 
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Table 9. Maximum estimated daily diflubenzuron concentrations at river mouths 


for 1971 through 1975° 


Basin Year Diflubenzuron Concentration (ppb) 
-Cotton Cotton & Soybeans 

Mississippi wii pees cy 
Atchafalaya hey om S26 
Tombigbee 1972 0.2 0.8 
Brazos 1974 53 i) oa. 
Colorado . 1971 14 ai 

Nueces 1975 38 38 


nn eS COE“ (ti‘~™S 


@from Falco et al. (1978). 
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Table 10. Average estimated daily summer concentrations of diflubenzuron at 
river mouths for 1971 through 1975.° 


nee UU Un URES 


Basin Year Diflubenzuron Concentration (ppb 
Cotton Cotton & Soybeans 
Mississippi Poy) 0.20 0.34 
1972 0.09 D.15 
1973 meee 0.19 
1974 0.06 Delt 
1975 0.05 0.08 
Atchafalaya 1971 eeu 0.50 
1972 0.13 Otc 
1973 Ofr 0.20 
Tombigbee 1971 0.03 OF1Z 
1972 0.05 0.16 
1973 0.05 Obey is 
1974 0.02 0.06 
1975 0.01 0.03 
Brazos 1973 0.49 meu or 
1974 OF O37) 
1975 0.29 0.29 
Colorado 1971 1.46 2.04 
1972 Nes 1.84 
1973 0.41 0.56 
1974 0.20 0.28 
1975 0.08 Ok Bed 
‘Nueces 1973 2c ~ 
1974 0.83 - 
1975 1.20 - 


eel eS oe eS 2 Se rere Ts W Lie 1S Ae 


Afrom Falco et al. (1978). 
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and soybeans taken together. 

Data for the Rio Grande are not included because the rainfall patterns at 
Beeville, Texas were probably not representative of this river, whose flow is 
also greatly modified by diversions. Satisfactory projections for this stream 
would require a special calculation using input specific to the area. 

Results for the Trinity and Pearl_rivers were also excluded, because both 
streams pass through flow control reservoirs in their lower reaches. 
Calculation of the effects of sediment retention and water residence time in 
Fhete structures were impracticable within the present computer model. 

Table 11 contains a calculation of the frequency with which the estimated 
concentrations exceeded the stated levels at the mouths of three selected 
‘rivers. Data for the Mississippi and Tombigbee are calculated over five and the 
Brazos over three years. "These basins were selected to represent three 
different conditions -- the Brazos as principally a cotton growing area, with a 
relatively low soybean acreage in contrast to the Tombigbee where soybeans 
predominate. The Mississippi was selected as the geographically largest. 


Complete data, including cotton acreages, can heefound in.Falco et al., (19/8). 


CALCULATED RUN-OFF FROM FIELDS 
The computed diflubenzuron concentrations discharged to the river from the 
cotton fields of the Yazoo basin under 1971 and 1973 weather patterns were found 


to be, assuming applications OMe 22> oy Al/ecre. 
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oe ge yr Gd! 
- 1971 1973 
Concentration range (ppb) 0.03 - 85 0.05’ =. 115 
Mean 2) 11 
Median 125 4.0 
Number of events 13 2 


Comparison of these figures with those above reveals a wider range of 
predicted concentrations, probably reflecting the range of predicted volumes of 
run-off water. Allowing for the assumption that the earlier concentrations were 
based upon 2.5 cm of run-off, the agreement between the two sets of estimates 
are excellent, indicating that diflubenzuron concentrations in water directly 

.discharged fron cotton fields is likely to range from very low values to about 
100 ppb. The difference between the median and mean values indicates that the 
latter are heavily weighted by relatively few high values and that 
concentrations will not exceed about 4 or 5 ppb during one half the events that 
take place. 

Since diflubenzruon is adsorbed by sediments and a number of benthic 
organisms which may be affected are crustaceans, the concentration of 
diflubenzuron on sediments deposited in the estuaries may be important. A 
convenient approximate estimate of the concentrations (in ppm) on the sediments 


may be obtained by multiplying the concentrations of Table 10 by the 
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distribution coefficient (x 2000). This assumes that the sediment consists of 
50% organic matter and the adsorption isotherm corresponds to that given by 
Carringer et al. (1975). The results of this calculation are given by Falco et 


al. (1978). 


INTERPRETATION $ 

The estimates show marked differences between river basins and also 
diferences reflecting the applications to soybeans. Highest estimated 
diflubenzuron concentrations and largest frequencies are indicated for the 
Nueces, Colorado, and Brazos rivers, suggesting that the largest imput of 
diflubenzuron is likely to be found in the estuaries of the rivers on the 
western Gulf Coast. While the analysis has not been performed, it is possible 
that this may reflect the dae sasetcenisa NERY of the flow of these rivers to 
rainfall on the Coastal Plain. Estimated concentrations at the mouths of the 
Mississippi and Tombigbee are generally lower; this may perhaps reflect dilution 
of the diflubenzuron by run-off fron a relatively greater proportion of 
untreated land. Complete interpretations of these differences will, however, 
depend upon full analysis of the factors used in the modeling projections. 

In evaluating the diflubenzuron concentrations projected by the modeling 
process, it is essential that the uncertainties introduced by the basic 
assumptions should be borne constantly in mind. Three of these are of 
particular importance. All are likely to lead to overestimates of the amounts 
and concentrations of diflubenzuron transported away from the areas of 
application. 

The assumption that the weather patterns over all the basins are always the 
same in time and intensity as toes of Beeville, Texas, leads to the projection 
that run-off will tend to take place from amethoefields in all the basins *at 


the same time. This is clearly a condition that needs further study. Except for major 
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storms of hurricane proportions, heavy summer rainfall in the cotton and soybean 
belts is most frequently associated with localized thunderstoms. While 
considerable run-off may occur in such storms, the active area at any one time 
will be a small fraction of the whole. 

The model assumes that the entire cotton acreage is treated with 
diflubenzuron at uniform rates on an idealized schedule. This projection does not 
conform to normal use practices for pesticides. White much may be treated at once, 
large areas may be treated at lower rates or frequencies, further reducing the chances 
of large scale run-off of freshly applied material from the entire cropped area. 

Thirdly, the model assumes that all run-off fron the entire treated area iS 
directly discharged to flowing streams for jmmediate continuous transport by 
-rivers. No allowance is made for delays in movement over swales, ditches, or 
drainage systems, or for the retention capacity of these in holding back run-off 
for considerable periods of time. Major reductions in diflubenzuron 
concentrations will take place where this occurs due to adsorption on untreated 
soil and by chemical degradation during the delay. All these assumptions tend 
to increase the estimates of the amounts of dif]ubenzuron that may potentially 
be moved away from the target areas. In the absence of any observational data 
to validate the model, the size of the factors to correct them are unknown so 
that the estimates presented in Tables 9, 10, 11, and additional data in Falco 
et al. (1978) must be viewed with considerable reserve. 

Modeling projections of the levels of diflubenzuron or any other pesticide 
that might be discharged by major river systems would need to be reserved 
until such projections are varified by valid, measured scientific parameters. 

In the case of diflubenzuron, there are no data indicating to what 
extent, if at all, the compound might leave the area of application via run-off, 


nor is there documented evidence that the proposed uses of dif lubenzuron wil] 
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result in any residues being discharged into estuarine or salt water 
environments. Thus, the possibility that diflubenzuron may interact with any 


organisms in such environments needs at this point to be viewed as problematical. 


EFFECTS OF DIFLUBENZURON ON NON-TARGET ORGANISMS BASED ON LEVELS .PROJECTED AT 
THE MOUTHS OF RIVER BASINS BY MATHEMATICAL MODELS 

Projected diflubenzuron concentrations at the mouths cf several river 
systems draining cotton and/or soybean acreage were calculated using Version I] 
of EPA Agricultural Ruane Management (ARM) Model (Donigan et al., 1977) as 
developed by Falco et al. (1978). 

The present assessment excluded the effects of diflubenzuron on non-target 
«aquatic organisms in the various river systems from the time that diflubenzuron 
entered the river systems as watershed run-off until it reached the mouth of the 
river systems. No predicted levels of diflubenzuron at various ae down 
river from the point of entry were produced by the USEPA Model. Also, the 
assessment team did not have access to any literature relative to the effects of 
diflubenzuron on riverside species. The projected effects of diflubenzuron on 
non-target aquatic organisms at the mouths of the Mississippi, Atchafalaya, 
Tombigbee, Brazos, Nueces, and Rio, Grande Rivers were determined using the cata 
obtained from the ARM model. 

In assessment of the effects of diflubenzuron contained in water 
potentially moving through the various watersheds, the USEPA model assumed that 
the entire acreage of both cotton and-soybeans would be treated. It is 
important to understand that: 1) no assumption was made in which partial 
treatment of this acreage would occur (under no circumstances would all of the 
cotton and soybean acreage be treated with diflubenzuron); 2) no consideration 


was made of the~fact that the treated acreage would not receive applications of 
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diflubenzuuron on amore representative use schedule (it is known that differences 
in plant varieties, soil conditions, climatic conditions, and pest populations, as 
well as other varibles, could cause tremendous variations in the diflubenzuron 
application schedules); and 3) no assumption was made concerning the rate at 
which the potentially contaminated watershed water from the various river fare 
would mix with the sea water at the mquths of the river systems (the influence 
of tidal flow at the mouths of the rivers would be great relative to whether or 
not the contaminated river water remained in the main river channel or whether 
or not it was pushed and dispersed through the marsh areas on either side of the 
main channel at the mouth of the river). 

Outflow of water from the marsh areas is also greatly influenced by wind 
speed and direction an that wind from the north tends to push water out of the 
marsh, while south winds tend to push water into the marsh or, in many icases:, 
hold water in the marsh. Adequate reference has been included in a previous 
section regarding the USEPA models assumptions regarding weather conditions, 
stream flow data, and soil stability and hydrologic characteristics. 

Following a review of the data reported on studies of diflubenzuron, the 
_assessment committee agreed that 5 species of non-target aquatic organisms, if 
present in the habitat receiving water that contained diflubenzuron, would be 
sensitive to relatively low concentrations of the compound (0.2-2.0 ppb). The 
five species are : Mysid shrimp (Mysidopsis bahia), grass shrimp (Palaemonetes 
pugio), blue crab (Callinectes sapidus), marsh crab (Sesarma reticulatum), and 
brine shrimp (Artemia salina). 

The data in Tables 12-15 show the combined data from the USEPA model and 
the published concentrations of diflubenzuron that effect the 5 non-target 
organisms indicated. The data these tables need no explanation other than 


the fact that if, as the EPA model predicts, the listed concentrations of 
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diflubenzuron did in fact arrive at the estuarine areas of the various river 
systems, a reduction in the listed organisms would occur as indicated in Tables 
12-15. 

Discussion is pertinent, however, when comparing the Model predictions for 
the various use rates on cotton and/or soybeans and the resulting potential 
effects on the non-target organism populations. Considerable difference exists 
between the effects of diflubenzuron on the non-target populations exposed to 
run-off water where the maximum amount of diflubenzuron requested for 
registration would be applied (as utilized by the USEPA Model stipulations) and 
that of the expected use rates. Mysid shrimp, due to their extreme sensitivity 
to diflubenzuron, would be affected during some years in all of the river 
systems, regardless of the use rate, except in the Tombigbee River where only 
the maximum use rate permitted by the cotton and soybean labels sere iy 
Al/acre/season total for cotton and soybeans) caused effects. As diflubenzuron 
use rates were adjusted to the expected use rates for cotton and/or soybeans, 
the effects on the 5 non-target species were reduced in the Mississippi, 
Atachafalaya, and Tombigbee River Basins. However, all 5 non-target populations 
were affected to some extent during certain years in the Brazos, Colorado, 
Nueces, and Rio Grande River Basins, regardless of use rates. 

From the scientific data available, it is clear that if the 
concentrations of diflubenzuron estimated by the USEPA Model were to be present 
in water reaching the mouths of the various rivers that certain non-target 
organism populations would be “ae re he This effect would probably be quite 
severe if the data continued in the USEPA Model-frequency tables are representative. 
Prolonged exposure to diflubenzuron (past the time of acute affects and into 


time intervals of exposure Causing chronic exposure effects) at the 
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concentrations estimated by the USEPA Model might well temporarily eliminate 
total populations of some of these organisms fron those habitats affected. This 
would depend on the species involved and the stage of life cycle in which the 
organism was at the time the exposure was initiated, as well as the time 
interval prior to change from one stage to the next stage. Long periods of 
exposure to diflubenzuron at the concentrations estimated by the USEPA Model 
would increase the probability of the organism opening its “activity window’ for 
the natural hormone (growth regulator) process to proceed in the development of 
the organism. Therefore, diflubenzuron (its mode of action is involved with 
chitin inhibition) would be available for longer periods at concentrations 
sufficient to disrupt the natural and successful change from one developmental 
stage to the next. This event could place more importance on chronic effects 
than on the acute effects. 

Therefore, it is of the greatest importance to completely understand and 
appreciate the uncertainties of the diflubenzuron concentrations that were 
projected by the USEPA Model. The following points must be evaluated along with 
any decision made relative to the exposure of non-target aquatic organisms to 
. the projected concentrations of diflubenzuron contained in water at the mouths 
of the river systems: 

1. Rarely, if enol d climatic conditions be the sane over the entire 
area contained in the river basins which could cause run-off fron all 
treated fields at the same time. 

9. For many reasons including economics it is highly improbable that all 
of the cotton and/or soybean acreage with a given river drainage basin 
would be treated with di flubenzuron. Recent USDA projected use 
patterns for diflubenzuron use on cotton and soybeans indicate that 


actual cotton and soybean acreages. treated will not exceed about 15% 
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and 5%, respectively, of the treated acreages assumed in the model. 

3. It is also unlikely, due to economics and other peetone® that the 

| treated acreages would receive the maximum rate permitted by the label. 
Most likely, the acreages treated would be at lower rates and at 
different frequencies due to variation in pest populations, planting 
dates, plant growth rates and climatic conditions. 

4. Seldom, and certainly not in all the areas concerned, would run-off 
fron treated acreage move directly and immediately into a river system. 
Rather, the usual situation would involve delays in water movement 
caused by various natural geographical features (movement through 
vegetation, changes in soil permeability and type, a areas of 
variable elevation) and man-made features (ditches, canals and other 
drainage systems). These delays in diflubenzuron movement into the 
major streams would result in major reductions in diflubenzuron 
concentrations through adsorption to soils, settling, and chemical 
breakdown. 

Consideration of these assumptions in the USEPA model is most important in 

arriving at a reasonable estimate of what might occur as a result of 

contaminated water run-off. It must be emphasized that the available 
experimental data on the run-off potential of diflubenzuron (both laboratory and 
field studies) suggest that this compound will be subject to, at most, very 
minimal run-off. Thus, there is currently no indication that the proposed uses 
of diflubenzuron will result in any residues being “hod eae into estuarine or 
salt water environments, and the possibility that diflubenzuron may interact 
with any organisms in such environments must at this point be considered 


problematical. 
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Finally, consideration must be given to the comparison of diflubenzuron 
with other chemicals that are used as alternatives. In most cases, the effects 
of diflubenzuron on non-target organisms are considerably less than those of 
alternative compounds due to diflubenzuron's characteristics of lower rates 
of application required to control target species, short residual life, less 


effects on non-target organisms, and less hazard to human applicators. 
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HUMAN EXPOSURE: DIETARY 


Human dietary exposure projections were made based on three possible 
sources Of dietary intake of diflubenzuron residues: direct consumption of 
cotton or soybean seed and their processed fractions, consumption of meat, milk, 
and eggs from livestock and poultry fed cottonseed and/or soybean seed fractions 
from treated crops, and consumption of fish from diflubenzuron-contaminated 
waters. Cottonseed and soybean seed can be considered to be the only 
significant sources of dietary exposure of livestock to diflubenzuron residues, 
because label restrictions prevent grazing treated fields or pastures, or 
feeding treated cotton or soybean foliage. As will be discussed below, current 
projected lise SF diflubenzuron in mosquito control and for the control of 
certain forest insects are not likely to result in any significant human dietary 
exposure. 

In developing the exposure profiles, a "worst case” situation was assumed 
in which cottonseed and soybean residues were projected to approach levels as 
high as the minimum sensitivity of the analytical enforcement method (0.05 ppm). 
This approach assumes residues in treated crops at levels clearly higher than 
those likely to be seen under normal insect control practices, because numerous 
residue studies in eat tenses and soybeans have shown that ineal world res icues 
are almost always <0.05 ppm in the whole or processed seed. In making the 
projections under the "worst case” scenario; jit was also assumed that all 
cottonseed and soybean food or feed products were derived fron diflubenzuron- 
treated crops, whereas in reality, <15% and <5% cach of the total cotton and 
soybean acreages, respectively, are likely to receive any diflubenzuron 


treatments at all under the proposed cotton and soybean registrations. 
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COTTON AND SOYBEANS 

Direct Human Exposure. The human population can be expected to receive 
direct dietary exposure to diflubenzuron residues through consumption of aoc 
seed and soybeans and their processed fractions. However, a review of residue 
data revealed that residues in whole or processed cottonseed and soybeans will, 
in all cases be <0.05 ppm. Direct utflization of cottonseed and soybean 
products as human food sources comprise at present only a minor proportion of 
the human diet and thus direct dietary exposure of humans via these sources is 
projected to be very minimal. Food factor tables from Lehman (1962) indicate 
that the typical human diet contains about 0.15% and 0.92% of cottonseed and 
soybean fractions, respectively. Thus, the "worst case" intake of diflubenzuron 
residues from direct consumption of cottonseed and soybean fractions can be 
calculated to be 0.00000188 mg/kg/day (cottonseed) and 0.00001150 mg/kg/day 
(soybeans) (Table 16). 

The consumption of infant formulas represents a situation in which dietary 
exposure to diflubenzuron residues of a specific portion of the human population 
may occur. Certain infant formulas contain soybean oi] and/or soy protein, but 
. it is not believed that cottonseed fractions are used in infant formulas to eny 
significant extent, if at all. Based on published information (Barness et al., 
1976), it was assumed for the current assessment that such formulas might 
contain a maximum of 5% total soybean fractions (oil and protein). Thus, a/7/ kg 
infant, consuming 0.68 kg (1.5 lbs) of formula/day, could conceivably consume as 
much as 0.034 kg total soy fractions (0.68 VEU UD eis LoceSOy i neaccions 
contained 0.05 ppm diflubenzuron, the total diflubenzuron intake would be 0.001? 
mg diflubenzuron/ 7 kg infant/day (0.034 x 0.05) or 0.00024 mg/kg/day. 

Food Chain Exposure. Whole cot roleatd and soybeans and their various 


fractions are commonly used as components of livestock and poultry feeds, and 
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they may comprise a considerable proportion of the total diet of these animals. 
Assuming a "worst case" situation where diflubenzuron residues in these two 
commodities reached 0.05 ppm, estimation can be made of the maximum dietary 
exposure of various food producing animals to diflubenzuron residues from 
consumption of seed or seed products. These estimates are given in Table 17. 

The estimates in Table 17 indicate that broiler chickens and turkeys have 
potential for exposure to higher levels of diflubenzuron residues than other 
food animals, due to a combination of high feed intake during their active 
‘growth stage and relatively high levels of cottonseed and/or soybean fractions 
in their diets. The calculations indicate that exposure of red meat and milk 
producing animals, and laying hens, to diflubenzuron residues through these feed 
. sources will be quite low (Table 17). 

Residue Projections: Cattle. On the basis of residue and metabolism 
studies with diflubenzuron in cattle, and on maximum projected dietary exposure 
to diflubenzuron residues through consumption of contaminated cottonseed and 
soybeans, "worst case" estimates of residues expected in meat and milk resulting 
from the cotton and soybean registrations were made. Long-term feeding studies 
with diflubenzuron in lactating cattle have been conducted by Miller et al. 
(1976) and Smith and Merricks (1976) in which experimental conditions allowed 
plateau levels of residues in milk and tissues to be reached. In each case, 
secretion of residues into milk and their retention by edible tissues was very 
low. Appropriate findings from these studies are summarized in Table 18. 

Based on “worst case" exposure of cattle to diflubenzuron residues via 
Peeconsced or soybeans (Table 17) and the residue patterns observed In the 
"reference” studies by Miller et al. (1976) and Smith and Merricks (1976) in 


cattle feeding studies with diflubenzuron (Table 18), the maximum projected 
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Table ily Estimates of maximum dietary exposure of livestock and poultry to 
diflubenzuron residues from consumption of cottonseed and soybean fractions. 





Maximum Maximum Feed Maximum 
Seed Diflubenzuron Consumption Diflubenzuron 


Residues Seed in Residues, ppm % Body Body Weight 


ppm Diet, % " Total Diet wt/day mg/kg/day _ 


Me inrmnenOe Sega O Se CO Se C S 
Battle soeem@ 0.05 0.05 15 15@ 0.008 0.008 igs: 0.00012 0.00012 
eeleemnairy, O.05800.05 415. 25e 0.008 ~0.012 (7 1.5 0.00012 0.00018 
Hogs 02055 0.05 SeecmeO 0020 0.010 4.0 0.0001 0.0004 
Horses Bop Oomeuceo 6 fo.) e20m 0.008 7 0.010 2.0 0.00016 0.0002 
Lambs DeUseal owed = 2152 0,01 0.008 4.0 0.0004 0.00032 
Chicken, 

broilers Or @cme- > mmel0 @iecomee.0059 02012, 12.0 0.0006 0.00144 
Chicken, 

laying hens 0.05 0.05 Spots pane 0, 0015180. 010 6.0 0.00009 0.0011 
Turkeys Oeosee Ub e0pe come D005 80.012 12-0 0.0006 0.00144 


lower Vimit of sensitivity of analytical enforcement method for | 
iflubenzuron. Pstimate from Harris.» 19/9. CFctimate from Lehman, 1965. 
Pemimate ftromclark et al., 19/73. 
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residues in milk and edible tissue were calculated by the following proportional 
scheme: 
Reference study treatment level, Maximum anticipated diflubenzuron exposure, 


mg/kg/day as ma/kg/day, Table 18 
Observed tissue residue, ppm (projected tissue residue, ppm) 


These calculations of necessity assume that pharmacodynamics of the crop 
residues in animals (whether unmetabolized diflubenzuron, its metabolites, or a 
mixture thereof) approximate that of the parent conpound administered directly. 
They are also based on an assumed direct dose-response relationship as regards 
residues in tissue and milk. The results of these projections for cattle 
tissues and milk are shown in Table 19 for both cottonseed and soybean residue 
sources. 

As the data in Table 19 indicate, even under "worst case" exposure of 
cattle to cottonseed or soybeans fran treated crops, levels to be expected in 
milk and edible tissues are exceedingly low, almost always in the sub-part per 
billion range. Comparisons of the projected residues calculated using either of 
the two “reference” studies reveal only two noticeable inconsistencies, namely 
| the levels of residues projected in milk and liver (Table 19). Milk residue 
projections based on the Smith and Merricks study are about 50-fold higher then 
those based on studies by Miller and co-workers, while liver residue projections 
from the Smith and Merricks data are fully 3 orders of magnitude greater than 
liver residues calculated using the Miller et Aleestudy ds a model. if scens 
almost sateen that these differences can be partially if not wholly explained 
by the fact that the Smith and Merricks study utilized radioisotope labeled 


diflubenzuron, which allowed quantitation of both diflubenzuron and its 
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Table 19. Maximum diflubenzuron residues projected in milk and edible 
tissues ° of cattle fed cottonseed or soybeans from treated crops. 


I 


Maximum calculated residue, ppm, based on 


indicated reference study 


Cattle Tissue Miller et al. (1976) Smith and Merricks, (1976) 
Cottonseed Exposure i 
Milk 0.0000002 0.000008 
Muscle 0.00000075 0.000006° 
Liver 0.00000075 0.00036 
Kidney 0.00000075 0.000005 
Fat : 0.0000015 0.000006 


Soybean Exposure 


Milk 0.0000002 0.00001 
Muscle 0.000001° 0.0001 
Liver 0.000001 0.001 
Kidney 0.000001° 0.0001° 
Fat 0.000002 0.0001 


eee nn 


al ower limit of projected residue, due to sensitivity of the analytical 
method used. 
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metabolites, while the Miller study employed unlabeled diflubenzuron and thus 
only the unmetabolized parent compound was detected. It is known that 
diflubenzuron metabolites comprise a considerable proportion of the total 
residue in milk (Ivie, 1978a; Smith and Merricks, 1976), and that the great 
majority of diflubenzuron residues in animal liver are primarily metabolic 
products and not intact diflubenzuron {Ivie, 1978b). 

Poultry. Sufficient residue and metabolic fate data on diflubenzuron in 
poultry are available to permit projections of “worst case’ tissue and egg 
residues to be anticipated after consumption of feeds containing cottonseec or 
soybean fractions. The calculations were made in the same manner as for cattle 
above, using data in Table 17 for estimates of maximum levels of cottonseed and 
soybean products in poultry feed. Estimates of maximum exposure of birds 
receiving diflubenzuron residues via dietary sources were made (Table 17), then 
the maximum tissue and egg residue profiles were developed on the basis of the 
two long term feeding studies with diflubenzuron in poultry that are summarized 
in Table 20. Based on the data in Table 20, projected residues in meat and 
edible tissue of poultry fed diets containing cottonseed or soybeans from 
- treated crops were made. These projections are shown ih. labieicl. 

Examination of the data in Table 21 iMicates that, as with cattle, 
projected residues in poultry and eggs after consumption of diets containing 
cottonseed or soybean fractions were quite low. In all cases, projected 
residues were in the low or sub-ppb range. It does appear that, based on 
maximum easton of cottonseed Sih aR in poultry feed (Table 17), 
growing chickens and turkeys fed cottonseed fractions in their diets are likely 
to exhibit tissue residues up to an order of magnitude greater then laying hens. 
This is because of considerably greater vel consumption on the part of ccna 


chickens and growing turkeys as compared to laying birds, and the fact that 


tom et 
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Table 20. Summary of long-term feeding studies with diflubenzuron in laying hens. 


pee en en 


Be Maximum residue level, ppm 














Dose Level Duration 
Study mg/kg/day weeks Eggs Muscle Liver Kidney Fat 
Miller et al., (1975) 0.10 3 0.05 - - - - 
Smith (1976) .003 4 0.003 .001 .003 .003 .003 


eS ee 


e study. PRadioactive study. “Equivalent to 1.6 ppm dietary 


@Non-radioactiv 
Equivalent to 0.05 ppm dietary feeding level. 
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feeding level. 
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cottonseed fractions may comprise a considerably greater proportion of the total 
diet of growing versus laying birds (Table 17). Projected maximum poultry 
tissue residues in broiler and laying birds fed soybean-containing diets are 
much more comparable because of the relative proportions of soybeans likely to 
be included in broiler versus laying feed (Table 17). 

Other Food Animals. The preceeding projections of maximum exposure and 
residue profiles expected in cattle and poultry as a result of the cotton and 
soybean registrations are useful in projecting anticipated residues in other 
food animals whose diets contain cottonseed or soybean fractions (Table 17). 

The actual projections for these animals, including swine, sheep, horses, and 
others, were not made because appropriate residue and/or metabolism data were 
‘limited or unavailable. However, there is no reason to believe that residue 
profiles for other red meat and milk producing animals, and other poultry, will 
differ appreciably from the profiles generated in Tables 19 and 21. Although 
residue profiles in ruminants are often not considered to be representative of 
other red meat producing animals due to the somewhat unique metabolic 
capabilities of the rumen itself, in the case of diflubenzuron, the rumen cannot 
be considered a complicating factor. Metabolism studies by Ivie (1978a) have 
conclusively shown that diflubenzuron is metabolically stable within the 
alimentary tract of ruminants. 

Because fish comprise a significant portion of the human diet, they must be 
considered as a potential dietary source of diflubenzuron residues. However, 
based on the projected use patterns for diflubenzuron, it would appear that the 
potential for fish accumulating significant residues of the canpound are quite 
low. It seems possible that, through run-off, drift or a combination thereof, 


water concentrations of dif}ubenzuron as high as 0.00] ppm might, on occasion, 
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be sustained over a period of at least a few days (sce "Non-Target Aquatics 
Exposure" section). If such were the case, residues in fish meat might reach 
levels approaching 0.05 ppm, assuming a biomagnification of 50x. The 50x level 
of potential biomagnification of diflubenzuron by fish seems an appropriate 
assumption on the basis of available information (Apperson et al., 1978; Booth 
et al., 1976; Schaefer et al., 1978). In projecting residues of diflubenzuron 
in fish, it is important to note that, although fish are capable of limited 
biomagnification of diflubenzuron from water, appreciable water contamination 
from the proposed diflubenzuron uses should be infrequent, the compound itself 
is not highly persistent in water (Schaefer and Dupras, 1976), and fish are 
capable of rapidly depleting residues of diflubenzuron from the body once 
‘exposure to the compound is terminated (Booth et al., 1976; Schaefer et al., 
1978). Thus, the potential for significant human dietary exposure to 


diflubenzuron via residues in fish would appear to be very minimal. 


EXPOSURE FROM USES AGAINST MOSQUITOES 
Proposed Label. The proposed label excludes application on crops or in 

areas used for food, feed, hay, pasture, or for potavle water, livestock 
watering or for crop production. Inasmuch as these restrictions would eliminate 
over 95% of the habitats where mosquito abatement districts would utilize 
diflubenzuron, only a very smal] amount of this compound could be used. In 
addition, such use would be in locations where neither man nor animals utilized 
for food would be exposed, and thus human exposure via the dietary route as a 
result of diflubenzuron use in mosquito control would be essentially nil. 

| Expanded Label. Should an additional label be requested and approved for 


the use of diflubenzuron on lands used for grazing livestock or growing 
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feed, much larger acreages would be treated for mosquito larvae. If the 25 WP 
formulation of diflubenzuron were dispersed in aqueous spray, within the 0.025 
to 0.04 1b Al/acre range, initial residues in 4-6" deep water would be 0.03 ppm 
or less and 4 ppm or less on vegetation (Schaefer and Dupras, 1976). 

If cattle were held on treated fields and fed continuously on grass 
containing 4 ppm diflubenzuron, the residues for milk and tissues are projected 
in Table 22. From the projections in Table 22, it appears that in such an 
exposure situation, the liver of the grazing animals might well exhibit total 
vests in excess of the sensitivity level of the analytical enforcement 
method. 

Cattle are not normally held on flooded pastures, but if they were exposed 
‘continuously to water supplies in treated fields, and this water contained the 
highest expected diflubenzuron residues (0.03 ppm, Schaefer and Dupras, 1976), 
residues projected in milk and tissues would be at least an order of magnitude 
less than those indicated in Table 22, since maximum daily intake from water 
would not exceed 0.003 mg/kg/day. 

The problems of livestock exposure to residues on vegetation following 
application of aqueous sprays of diflubenzuron can be essentially eliminated by 
using granular formulations. It is anticipated that diflubenzuron residues in 
water would not vary appreciably between the WP and granular formulations 
(Schaefer and Dupras, 1977), thus, granular applications offer a means of 
achieving mosquito control and simultaneously minimizing exposure of grazing 


stock to diflubenzuron residues. 
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Table 22. Maximum diflubenzuron residues projected in milk and edible 
tissues of cattle fed pasture grass containing 4 ppm diflubenzuron. 


Maximum calculated residue, ppm, based on 


indicated reference study 


Cattle Tissue Miller et al. (1976) Smith and Merricks, (1976) 
Milk 0.00008 0.004 
Muscle 0.0004 0.0324 
Liver 0.0004 0.43 
Kidney 0.0004 0.0324 
Fat 0.0007 | 0.0322 


ere 


Aiower limit of projected residue due to sensitivity of the analytical 
method used. 
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EXPOSURE FROM USES AGAINST FOREST INSECTS 

The use of diflubenzuron to control the gypsy moth in hardwood forests and 
the tussock moth in coniferous forests would appear to create little likelihood 
for significant human dietary exposure. Although consumption of fish and game 
taken from treated areas might result in some intake of diflubenzuron, this 
would probably be infrequent and the exposure would likely be at extremely low 
Tevels. Wild fruits, nuts, berries, etc. might also be a medium throush which 
very low levels of diflubenzuron would enter the human food chain as a result of 


diflubenzuron's use in forest insect control. 


PROJECTION OF TOTAL HUMAN DIETARY EXPOSURE 

Based on the calculations above, it is possible to calculate "worst case" 
estimates of daily human dietary intake of diflubenzuron residues. These 
projections (Table 16) are shown both as mg diflubenzuron/day for a 60 kg 
person, and as mg/kg/day. As the table indicates, these "worst case" estimates 
project that human dietary exposure to diflubenzuron fran all food sources will 
be at an extremely low level, not exceeding 0.00002840 mg diflubenzuron/kg body 
weight/day. The projections obtained in these calculations are almost certainly 
much higher than those likely to be encountered in a real-world situation. 
Based on the fact that diflubenzuron will be used on only relatively smal] 
portions of the cotton xa soybean acreages, and that residues in the seeds of 
these crops may be considerably below the 0.05 ppm sensitivity limit of the 
analytical enforcement method, it seems likely that .average human dietary 
exposure will be much less, perhaps 1/10 - 1/100, of the “worst case" 


projections presented here. 
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HUMAN EXPOSURE: APPLICATORS, FIELD WORKERS, BYSTANDERS 


COTTON 

Formulation and Use Patterns. A wettable powder formulation of 
diflubenzuron (Dimilin W-25) containing 25% active ingredient will be used in 
cotton applications. The diflubenzuron in the WP formulation has a particle 
size distribution ranging from 2-5, and the formulation is packaged in 5 pound 
bags and 25 pound fiber drums. 

Diflubenzuron will be applied to cotton at 0.0625 or 0.125 1b Al/acre as an 
aqueous spray for control of the boll weevil. A maximum of 0.75 1b Al/acre/ 
season is permitted, thus limiting the number of applications. About 90% of the 
diflubenzuron nee on cotton will be applied by f4yed-wing aircraft and the 
remainder by tractor-drawn boom sprayer. One-fourth to one-half pound of the 
Dimilin W-25 is mixed with 2-4 quarts of emulsifiable paraffinic crop oi] and 
then with at least 2 parts additional water for each part of oil. Aerial 
application is made using a total volume of 1-3 gallons/acre ‘and ground 
applciations +nvolve 5-30 gallons/acre- Detailed parameters for fixed-wing 
aircraft application of diflubenzuron to cotton are sndicated in Table 23. 

Under the current EUP approved for cotton by the USEPA, a total of 2,590 
acres are allowed to receive diflubenzuron treatment. If a single aerial 
applicator treated all permitted acres, the swath exposure time per application 
would be 5 hours. Assuming 6 applications per season at 7-day intervals, the 
in-swath exposure time would be about 30 hours. Tene were assumed that there 
would be. one applictor per state where the EUP is pennitted, this would 


represent 12 applicators with an average jn-swath exposure of about 25 hours 


per applicator per seascn. 


‘196 Sipate g #P <5 anléort 


raat 


binow 26a bog Hing: at U7 add. at 


2100725 




























ns 
ce. 


"i - : 


i j 7 ovo 4 1 7 ee 
CAMIAATZY9* | 2a stn 


= 


a, 


; ' a 
erat Vekwog afdgtiow A ents) 764 920 beng Is] 


i + eoIpH! oitoe FAS onintataas (2Snu net tort) vO 
. 
. . yy. + 
; rtsluervet GW ade ab notwsnsdul th sm +2001 PgoF 
> 
1! Sereiscy » nor lefive? addy Oth y @=~8 mo pn? gihigey cof thd hy 
; set 3 P a 
ecules Wd? bnvog cs 
» oF > tel : -Ascy fh nmO7 705 re ory] er gd if Pw rower ined 
. 7 
AO! 24.0 to mimtyem A ‘'tv9s" tind att Fa forines 167 ee ¥ 
tuoah i tea to  vedewn en? partinif 2ud? ba henag 
id os ale h feytw xi? 4d es tfa 4 38 irk #02 no boos we 
ie 
Nel-ane of ATwet-ond  TSY67G2 oed nwarbjes snag a 
89 oni aQ SICEPTelums to ateeue f S Aiiw beste ai 2 
N .110- 9 d18y Adee Ves stew lenotttybs agen ¢ feaal. 4 
ap bees S126 \anotiap bal Fo amu few foJod § gntzy shen 
” + 0? 


mIEq Gsliete® Lacan \2neffsp O6.a svfoynt 2 
ee 
PAP betoathn? 976 OI 70> oF AoveLassni tis We not teat fae 


ff by ey 8 is 


Je ont yd noOtlos yo} 


msvorggs Wz dnavsus. 3 ani im 
TOWERS TFT ou iangy of aw aty 
ies SASS Sete Ne gwe | dere pe bozsinpag its. batear: 


‘Ss W26e2 719 erat Peat haga a pitpre tf 
bomwezt arow o) H se won OF Juods » ves 


eng 
vy oat 


ane 

Sucre tq S20 Meher ite a mnie | ms 
re 7 nS = 

| aa 2 ae : 


7 . ai fil 7 










iA E 16b-{ 
















8] 


Table 23. Parameters for fixed-wing aircraft application of diflubenzuron to 


cotton. 


ee UUEInEsESn SEE 


Formulation 

Equipment 

Representative nozzle 

Flying speed 

Boom pressure 

Altitude 

Application rate 

Volume of application 
Frequency of application 
Number of applications/season 
Hours spent in flying/day 
Hours spent in spray swath/day 
Average length of spray swath 
Average width of spray swath 
Average acres treated per day 
Average acres treated/week 
Prepac acres treated/season/pilot 


Protective clothing 
Number of pilots involved in EUP 


Number of mixer/loaders 


Number of pilots involved in full use 


program 


Number of mixer/loaders involved in 
full use program 


Number of applicators involved in- 


ground applications (10: of acreage) 


Number of mixer/loaders involved in 


ground application C10n. of acreage) 


W25 wettable powder 
Fixed-wing aircraft 
Teejet 8006, fan spray 
120 mph 

20 psi 

5-10 feet 

1-2 ounces Al/acre 
1-3 gallons 

7-day interval 

6 

4-5 

1 

1/2 mile 

40 feet 

500 

2,500 

21,000 

Coveralls and gloves 
12 

12 


66 
66 
1185 
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Regarding the full label registration on cotton, the percent of acres 
treated acrially will not change. The exposure study group for diflubenzuron 
has projected the potential treated acres in the United States for boll weevil 
to be 1,540,000. Assuming an average of 6 applications per season, this 
represents 9,240,000 acre treatments per season. If the average flying time per 
day is considered to be 5 hours, the actual in-swath time will average about 1 
hour. Thus, each aerial applicator will spray about 500 acres/day or 3,500 
acres on a 7-day repeat spray schedule. Calculating acre treatments per season, 
this would total 21,000 acres per applicator (3500 x 6). limit is assumed that 
1,540,000 acres receive the 6 applications, 440 applicators will be required 
(9,240,000 + 21,000). 

Assuming that conditions outlined in Table 24 are representative, a 
protocol for the measurement of dermal and inhalation exposure of the mixer/ 
loader can be developed. Assuming a volume/acre of 1 gallon of diflubenzuron 
solution and the applicator treats 500 acres/day, the 500 gallon mixing unit 
would meet the needs for a full day's operation. Mixing this volume of spray 
solution daily would eliminate the concern of leaving excess in the mix unit 
overnight, when the wettable powder would separate and require additional 
agitation time the following morning to be confident of a uniform mix. 

Under the above operating conditions, the mixer/loader would add 125 pounds 
of Dimilin W-25 to the Sper tank in the process of filling it with the carrier 
(water). The total exposure time for weighing, mixing, and loading would not 
exceed 40 minutes. 

Assumptions. The following Beeuoat ions were made to permit calculation of 


diflubenzuron exposure resulting fran its application to cotton. 
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Table 24. Mixer/loader information for aerial application of 


diflubenzuron to cotton. 


NO a a i 


Capacity of mixing or nurse tank 

Volume of diflubenzuron solution 
appl ied/acre ; 

Acres treated/day/applicator 

Rate of diflubenzuron (AI/Acre) 

Number of applications/season 

Load capacity of plane spray tank 


Volume of transfer pump on mixing unit 


Number of mixer/loaders required 


500 gallons 


1 gallon 

500 

0.0625 1b Al 
6 

150 gallons 
15 gal/minute 
440 
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iO no? test! 


1S Thhise 40> aohyemwint satel vag. AS ds) 
05302 at “hovexHe tb 


= 


is 


WHE? 32700 710 ontyton to Vit: i 


—— te rs cr eg ee 





warsetor noruenoault ti To omy 


7 a 
an 
nolan £ 


vine \bo fans 


aft Hole 3/ 1 Gon \yeR here 2999A 
i ‘ ‘ »? : . , ¢ ¢ y 
i | 1.0 (OTSAVIA) iminedy fF &, Prt ie 


} noesar\enoltaoilage Yo yedad a 
fen OF 4ns57 wee ensta Wwe viroeqe> has) 
ahof'e if < in Py Pe a 
WiSO oc +I BAIA NO ghey W?2ngts Fo oeufoy 
vn] + . 


HSV Fyker eshsol \yaxtat Fg ~sdmull 
_ 


—_ 
a 


- > 


ee 


ee 





84 


A. Mixer/loaders will receive their peioncy exposure to diflubenzuron by 

contact with the dust. Respiratory exposure will be primarily during the actual 
bag opening/powder pouring operation. Estimated time of exposure per bag 

| opening (5 1b bag) is 10 seconds. The amount of respirable Dimilin W-25 dust in 

the air is estimated to be 10 mg/m? during this operation. 

B. Dermal exposure of mixer/loaders to Dimilin W-25 is also primarily 
associated with the short-term bag opening operation. However, the only 
experimental data available (Jegier, 1964) is for “tank-filling operation," 
which apportions the exposure over the entire mixing/loading time span. 

Jegier's estimate is 52.9 mg/hour for a 25% Guthion wettable powder. 

C. Tank filling requires 40 minutes per day to mix and transfer 4 batches 
Of 150 gallons each when either aerial application or boom spray treatment is 
involved. Only one mixer/loader is assumed per treatment operation. 

D. No flagmen will be utilized. 

E. No bystanders will be permitted to be directly exposed beneath the 
Spray swath. Spray areas will be posted to assure adherence to this 
restriction. ; 

F. Post-treatment scouting and cultural activities in the field are not 
expected to result in substantial respiratory or dermal exposure. 

G. Exposure to jeep- or tractor-drawn Boom applicator will be similar to 
that described by Wolfe et al. (1961) for tractor-drawn boom spraying of the 
herbicide DNOSBP. Wolfe found a mean dermal exposure of 22.4 mg/hour and a mean 
inhalation exposure of 0.12 mg/hour at an average treatment rate of 3 Ibs/acre. 
In the above case, dermal exposure from the actual mixing/loading operation has 
been factored out and the 22.4 mg/hour represents the actual spraying 
Operation. 

H. Dermal exposure to downwind spray drift has been estimated by Severn et 
al. (1978) fron He originally developed by Yates ct ee Gh ee Seata 
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should be applicable to aerial sprays of diflubenzuron provided a correction is 
made for the particle size distribution differential. While no direct estimate 
can be developed for drift of a 200 micron VMD spray (spray charactristics from 
Table 23), inspection of Table 4 from Yates et al. (1967) for 420 microns and 
290 microns Vi!MD sprays suggests that as a conservative estimate, the 200 VMD 
droplets would not lead to more than 2x the deposit calculated for a 420 micron 
VMD spray. Corrected value for the data of Severn et al. (1978) are shown in 
the next section under "Unit Exposure Calculations." 

Respiratory exposure to such aerial drift will be negligible in comparison 
to the dermal and is not considered here. 

I. The exposure of spray pilots to endrin during the application of 60 1b 
AI/100 gallons of finished spray to various vegetable crops has been measured by 
Jegier (1964a). Jegier found a potential inhalation exposure of 0.08 mg/hour 
and a potential dermal exposure of 1.18 mg/hour to pilots in an enclosed 
cockpit. The rate of application was 1 Ib Al/acre. Assuming that exposure 1s 
directly proportional to treatment rate/unit area and that the aircraft used are 
similar, a correction factor ; 

— =0.06 
is used to calculate unit exposure fron wean use rate conditions. 

Unit exposure calculations. Based on the use patterns and assumptions 
discussed above, the following Unit Exposure Calculations can be made: 

A. Mixer/Loader 

1. Dermal Exposure (see assumptions Bee) 


a. Aerial Applicators 


52.9 mg/hour x 4/6 hour/day = 35 mg/day 
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B. Tractor Boom Spray Applicators 


52.9 mg/hour x 6 hours/day = 317 mg/day 


2. Respiratory Exposure (see assumption A) 
10 mg/m? yooh WR m?/hour (normal breathing rate for light 
work) x 0.0028 hours/bag opening x 0.25 (concentration factor) 
= 0.013 mg diflubenzuron/5 1b bag opening 

Tractor-drawn boon applicator (see assumption G) 


1. Dermal Exposure 








22.4 mg/hour x 6 hours/day x ne = 5.6 mg/day 
2. Resiratory Exposure 
Orrz5en § 
0.12 mg/hour x 6 hours/day x ; = 0.03 mg/day 


Note: This same person will also do mixing and loading. 
Pilot Exposure (see assumption 1 ancaraulescs). 


1. Dermal Exposure 


i 


1.18 mg/hour x 1 hour/day x 0.06 = 0.08 mg/day 
2. Respiratory Exposure 
0.08 mg/hour x 1 hour/day x 0.06 = 0.005 mg/day 


Residents Living Immediately Adjacent to Spray Areas (see assumption 


He 


Table 25 provides an estimate of -dermal exposure that might be expected of 


persons standing outdoors during the actual spray operation. Since the great 
preponderance of dermal exposure is due to large droplets (mass varies by the 
cube of the droplet radius) and since residents remaining indoors at the time of 
spraying will be protected from all but the finest droplets, derma) exposure to 


such individuals will be negligible. 


Ps 
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Table 25. Potential diflubenzuron deposition on human skin 
downwind from target area after aerial application to cotton. 


i 


Downwind Distance Potential Dermal Deposition 
___(meters) __ from Spraying (micrograms)*»P 
25 640 
49 330 
96 150 
196 70 


398 30 


eel, ee 
@assumes 0.3 m* of exposed skin surface. Dbata of 


Severn 0.125 
et al. (1978) corrected for concentration eee = 025)) 





and particle size (2X) to give an effective correction factor of 
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Considering the areas for potential diflubenzuron treatment, the assumption 
is made that the average size cotton farm is 112 acres (total cotton acreage 
number of farms). For the diflubenzuron-treated acres (1,540,000 projected), 
this would mean 13,750 farms involved. Assuming an average family of 4 per farm 
and one additional family of 4 on each 100 acres, the total potential population 
involved would be 110,000 people. It “is not likely that this number of people 
would be outside during spraying. The assumption 1s that 1 out of 4 could be 


outside, which makes the potential number exposed to be 27,500. 


SOYBEANS 

Formulation and Use Patterns. The wettable powder formulation of 
diflubenzuron " be used on soybeans is the same as that previously described 
for cotton. Application to soybeans will be at the rate of 0.0312 - 0.0625-@ 
Al/acre. One repeat application is permitted if damaging numbers of target 
insect larvae reappear. About 90% of the soybean applications will be made by 
fixed-wing aircraft and the remainder by tractor-drawn boon sprayer. Aerial 
application requires sufficient water added to the formulation to provide 1-3 
gallons/acre coverage. Ground application will be made at a rate of 35 gallons 
finished spray/acre. Detailed parameters for fixed-wing aircraft application of 
diflubenzuron to soybeans are indicated in Table 26. 

The three pests of soybeans that are effectively controlled by 
diflubenzuron are the velvetbean caterpillar, green clover worm, and the Mexican 
bean beetle. The soybean committee bite Rielubenzunon Assessment Group has 
projected the arcas of infestation for each of these pests and the acres 
currently impacted at threc snfestation levels. Assuming the current worst 


case, the potential acreage that might be treated would be 1,250,000. 
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Table 26. Parameters for fixed-wing aircraft application of diflubenzuron to 


soybeans. 


Formulation 

Equipment 

Representative nozzle 

Flying speed 

Boon pressure 

Altitude 

Application rate 

Volume of application 

Frequency of application 

Droplet size 

Hours spent flying/day 

Hours spent in spray swath/day 
Average length of spray swath 

Average width of spray swath 

Average acres treated/day 

Average acres treated/week/applicator 
Average acres treated/season/appl icator 


Protective equipment (pilot) 


W25 wettable powder. 
Fixed-wing aircraft 

Teejet 8006, fan s pray 

120 mph 

20 psi 

5-10 feet 

0.0625 1b AlI/acre (maximum) 
1 gation 

1.1 (average - 10% may receive 2 applications 
200 microns VHD 

D 

1 

1/2 mile 

40 feet 

500 

2,000 

21,000 


Coveralls 
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The three soybean pests are regionalized with very minimal overlap between 
regions. Also, the velvetbean caterpillar is a late season pest (August- 
October), while the Mexican bean beetle apparently infests early planted 
soybeans first and then moves to other fields later in the season. Green clover 
worms, in general, infest soybeans earlier than do the other two pests but, 
with the exception of the midwest, do-not pose an economic threat. 

If one assumes that an applicator will treat an average of 500 acres per 
day, the in-swath potential exposure time will be 10° minutes per 100 acres or 
60 minutes per day. Also, assuming the worst case potential exposure, the 
1,250,000 infested acres will be treated with diflubenzuron. Assuming 500 acres 
treated per day, operating 5 days per week for a period of 4 months (June, July, 
August, and September) and moving from region to region for the three pests, the 
acres treated per applicator could reach 40,000. This would calculate to an 
in-swath exposure time totaling 80 hours. It is not likely that one pilot would 
cover this acreage as there is a tendency to be regionalized with a base of 
operation. However, it does reflect the worst case exposure Situation. 
Calculating potential exposure based on infested acres within a state is 
believed to more nearly reflect applicator practice. 

The period and frequency of exposure for the mixer/loader will be the same 
as for cotton for any Ape time period, since the same individuals (applicator 
and mixer/loader) will be treating soybeans and cotton where these crops are 


growing in the same area. 
Assuming conditions outlined in Table 27 to be representative of sovbean 
applications, the measurement of dermal and inhalation exposure of the mixer/ 


loader can be developed. 
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Table 27. Mixer/loader information for aerial application of 


diflubenzuron to soybeans. 


eee 


Capacity of mixing or nurse tank 

Volume of diflubenzuron solution 
applied/Acre 

Rate of diflubenzuron (AI/Acre) 

Number of applications per season 

Total exposure time for mixing and 
loading/day 

Acres treated/day/applicator 

Load capacity of plane spray tank 


Volume of transfer pump on mixing unit 


500 gallons 


1 gallon 
070625a1b 
ii 


40 minutes 
500 
150 


15 gal/minute 
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92 
Assuming a volume per acre of 1 gallon of diflubenzuron solution and the 
applicator treats 500 acres per day, the 500 gallon mixing unit would meet the 
needs for a full day's operation. Mixing this volume of spray solution daily 
would eliminate the concern of leaving excess in the mix unit over-night, when 
the wettable powder would separate and require additional agitation time the 
following morning to be confident of a-uniform mix. 

Assumptions. The assumptions made to permit calculations of diflubenzuron 
exposure resulting fron its application to soybeans are identical to those made 
under A-I for the cotton analysis. 

Unit Exposure Calculations. Based on the use patterns and assumptions 
previously discusssed, the following unit exposure calculations can be made: 

A. Mixer/Loader 

1. Dermal Exposure (see assumptions B, C) 
a. Aerial applicators 


52.9 mg/hour x 0.5 hours/day - 26.5 mg/day 


b. Tractor boom spray applicators 


52.9 mg/hour x 6 hours/day = 317 mg/day 


2. Respiratory Exposure (see assumption A) 
10 mg/m? wee m?/hour (normal breathing rate for light 
work) x 0.0028 hours/bag opening x 0.25 (concentration factor) 
= 0.013 mg diflubenzuron/5 1b bag opening 
8B. Tractor-Drawn Boom Applicators (see assumption G) 
1. Dermal Exposure 


22.4 mg/hour x 6 hours/day x ote =2.7 mg/day 
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2. Respiratory Exposure 





0.12 mg/hour x 6 hours/day x — 0.015 mg/day 
NOTE: This same person will also do mixing and loading. 
C. Pilot Exposure (see assumption I and Table 26) 


1. Dermal Exposure < 


1.18 mg/hour x 1 hour/day x 0.06 


0.07 mg/day 
2. Respiratory Exposure 


0.08 mg/hour x 1 hour/day x 0.06 


iH] 


0.005 mg/day 
D. Residents Living Immediatlely Adjacent to ae Areas (see assumption 
H). 

Table 28 provides an estimate of dermal exposure that might be expected of 
persons standing outdoors during the actual spray operation. As with potential 
exposure from the cotton applications, persons indoors will not receive 
significant exposure from diflubenzuron application to soybeans. 

Considering the areas for potential diflubenzuron treatment on soybeens, 
the assumption is made that the average size soybean farm is 102 acres (soybean 
acreage + number of farms). For the diflubenzuron treated acres (1,250,000 
projected), this would mean 122 552 T aris anvolved. Assuming an average family 
of 4 persons per farm and one additional family on each 100 acres, the total 
population involved would be about 100,000. It is not likely that this number 
of people would be outside during spraying. The assumption is that 1 out of 4 


could be outside which makes the potential number exposed to be about 25,000. 


MOSQUITOLS 


Formulations and Use Patterns. The wettable powder formulation of 
vied Oe LS cM lass 


diflubenzuron to be used in mosquito control is the same as that previously 
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Table 28. Potential diflubenzuron deposition downward from target area after 
aerial application to soybeans. 


Downwind Distance Potential Dermal Deposition 
(meters) from Spraying (micrograms) *> 

25 ; : 320 

45 165 

96 rds) 

196 Sis) 

398 18 


ee SS ee ee ee 


Sassume 0.3 ne of exposed skin SupT ace. Data of Severn et al. 


(1978) corrected for concentration ae Of75 anc for particle size 





(2x) to give an effective correction factor of ots 
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described. When mosquito abatement district equipment requires granules for 
aerial application, a 0.25% active ingredient granule may be made by mixing 30 
lbs Dimilin W-25, 2957 pounds of coarse sand (20/30 mesh), 10 pounds of 
larvicide oil, and 3 pounds of Hysil followed by mixing for 30 minutes. 

Diflubenzuron wil] be applied to intermittent fresh waters for mosquito 
control at a rate of 0.025 - 0.04 1b At/acre of water. For aerial application, 
the granular formulation described above js used at a rate of 10-16 pounds of 
finished formulation/acre. About 75% of the total acrage to be treated will 
require the granular formulation. The remaining 25% of the total acreage will 
be treated about equally with tractor- or jeep-mounted boon sprayers ch eates) 
gallons/acre, and with knapsack back sprayers at 25-100 Gallons/acre. ine 
proposed mosquito label permits the use of 5-100 gallons of finished spray/acre, 
depending on the equipment used. The parameters indicated in Tables 29-31 are 
considered representative for the proposed mosquito uses. 

The extent of exposure to workers preparing the granular material will 
depend on the quantity needed per day and the kind of mixing equipment 


available. Assuming the applicator will cover the same acreage with granular as 


‘with liquid spray equipment, the quantity of granules needed for a dey's 


operation would be a maximum of 9,000 pounds (500 acres x 16 lbs/acre). Under 
these conditions and fae equipment that would mix 3,000 pounds per batch, 3 
mixings per day would be required. The proposed label text indicates the time 
required for the preparation of 3,000 pounds to be 65 minutes. Thus, the 
exposure time to the formulators in Aaeaeae ten would be 3 1/4 hours per day, 
which includes loading the ingredients, mixing am unloading. The average 
number of workers involved in formulating 1s estimated at 3. 

Assuming the load capacity of the plane to be 1,200 pounds, which would 


equal that for liquid (150 gallons x 8 Ibs/gallon), the loader would be 


in 
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Table 29. Parameters for fixed-wing aircraft application of diflubenzuron 
(wettable powder formulation) in mosquito control. 


ee 


Formulation 

Equipment 

Representative nozzle 

Flying speed 

Boom pressure 

Atlitude 

Application rate 

Volume of application/acre 

.. Frequency of application 
Number of applications/season 
Hours spent flying/day 

Hours spent in spray swath/day 
Average length of spray swath 
Average acres treated/day 


Protective clothing (pilot) 


W25 wettable powder 
Fixed-wing aircraft 
Teejet 8006, fan spray 
120 mph 

20 psi 

variable - depending on site 
0.025-0.04 Ibs Al/acre 
1 gallon 

7-10 days 

: 

5 

] 

variable 

500 


Coveralls 
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Table 30. Parameters for fixed-wing aircraft or helicopter application of 
diflubenzuron (granular formulation) in mosquito control. 


ae ce 


Formulation 

Equipment 

Application rate 

Frequency of application 

Number of applications/season 

Hours spent flying/day 

Hours spent in spray swath/day 

Number of workers involved in treatment 


Number of workers involved in formulating 


Granular - 0.25 percent Al 
Fixed-wing aircraft or helicopter 
10-16 Ibs/acre of granules 

7-9 days 

3 

° 

1 

2 - applicator and loader 


3 
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Table 31. Projected extent of use of diflubenzuron in mosquito control, and 
potential extent of human exposure during the application process. 


Number of acres to be treated 400,000 


1. Aerial - fixed wing aircraft (granular) 
2. Ground application (liquid and granular) 
a. Low volume - tractor, jeep, or 
truck mounted.sprayers 
(1) Applied as liquid ‘ 
(2) Applied as granular 


b. Hand-gun, knapsack, or granular 
applicator 


(1) As a liquid spray 
(2) As granular 
“Total number of workers involved in hand application 


Total number of workers invalyed in low-volume 
treatments - tractor, jeep or truck 


Total number of pilots involved in aerial treatment 
Total number of mixer/loaders involved 


Number of by-standers present in ground application 
areas per 5 acres 


Total number of people exposed in ground application 
(Application is with hand guns or granular: applicators 
on limited size areas - 1-10 acres) 


Total number of people present in aerial granular 
application areas per 100 acres 


Total number of people exposed in aerial granular 
application. (The granular formulation is on 
sand, with oi] as a sticker for the -diflubenzuron. 
There is virtually no dust once formulated, the sand 
particles fall rapidly, and tnus no exposure) 


Time of application for mosquito control 


Percentage of total acreage treated by months 


300,000 
100,000 


50,000 
25 000 
25,000 


50,000 
25,000 
25,000 

500 


100 
oe) 
100 


None 


None 
April-October 


Apr UIE Sava 
Juin Doce ail VEu ee 
Augusi 303s 
September 10%; 
OGtoper ster 
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refilling the plant hopper 8 times per day. The worst case exposure to the 
loader would be if the granular were packaged in 50 pound bags, which would 
require the handling of 24 bags for each loading. Assuming hand loading under 
these conditions, the loading time would parents 30 minutes per load. If 
the granular were handled in bulk and an auger loader was used, the exposure 


time per lcad should not exceed 15 minutes. 


Assumptions. Certain of the assumptions made to permit calculations of 
diflubenzuron exposure resulting from its application to water for mosquito 
control are the same as those previously discussed and used in the cotton and 
soybean exposure calculations. The assumptions are as follows: 

A. That a large cement mixer is used to mix the diflubenzuron-sand-oi] 
formulation. 

B. That a dust level of 10 mg/m? will be in the general vicinity of the 
mixing apparatus during the first 2 minutes of the 65-minute filling and mixing 
operation, and that a dust cover is placed over the mixer during the entire 
mixing process. 

C. That once formulated, the granular formulation is no longer "dusty" due 
to the larvicide oil acting as a dust preventative. 

D. Same as Assumption G, cotton exposure section. Assume 4 hours actual 
Spraying time/day. 

E. Caplan et al. (1956), working with aerially applied malathion in oil 
sprays, applied 0.46 1b/0.76 gallons (calculated fron data)/acre and determined 
a dermal exposure directly beneath the spray for exposed body areas of 3.556 nig. 
Assuming adtrect relationship between treatment rate/unit area and disregarding 


differences in spray density and particle size distribution, a correction factor 


for dermal exposure can be made: 


1 
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Respiratory exposure under the same conditions is negligible (<1/500th oF 
dermal). 
F. Same as assumption I, cotton exposure section, except that the 


correction factor is calculated as foldows: 


0.04 


ats = 90204 


G. Based on data by Wolfe and Durham (1974) relative to backpack sprayer- 
handgun application of fenthion for mosquito ee; jt can be calculated that 
applicators receive a dermal exposure of 0.177 pints spray/applicator/8 hour 
“work day. 

H. Same as assumption A, cotton exposure section. 

1. Same as assumption B, cotton exposure section. 

J. Tank filling for aerial application requires 30 minutes/day to mix and 
transfer 1 batch of 500 gallons. A similar time is required to mix 1 batch of 


200 gallons/day for tractor boom sprayers. One mixer is involved/operation. 


Unit Exposure Calculations 
A. Mixer/loader (see assumption H, 1, J) 
1. Aircraft and Tractor-drawn operations 
a. Dermal exposure 


52.9 mg/hour of tank fill x 0.5 hour tank fill/day = 26.5 mg/day 


b. Respiratory [Exposure 


th) mg/m? yaa Ve m?/hour (normal breathing rate for Tight 
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work) x 0.25 (concentration factor) x 0.0028 hours/bag opening 
= 0.013 mg diflubenzuron/5 1b bag opening 
Pilots (see assumption F) 


1. Dermal exposure 


1.18 mg/hour x 1 hour/day x 0.04 (correction factor) = 0.05 
mg/day | : 

2. Respiratory exposure 
0.08 mg/hour x 1 hour/day x 0.04 (correction factor) = 0.003 


mg/day 
Residents Living in Sprayed Areas Standing Outdoors During Actual 
Spraying (see assumption E) 
3.556 mg/0.3 me exposed body area x 0.087 = 0.31 mg/0.3 me 
exposed body area 
Formulator (Granules) (see assumptions A, B, C, 1) 
1. Dermal exposure 


52.9 mg/hour x 3.25 hours/days = 172 mg/day 


2. Respiratory exposure 
10 mg/m? Xeleb m?/hour (normal breathing rate for light work) x 
Wyss) (concentration faCtOr XA abo curs exposure 3.000 15) Dalene x 
4 batches/day = 0.594 mg/day 

Backpack sprayer (see assumption G) 

1. Dermal exposure 
0.022 gallon formulation (0.177 pint)/day x 0.0016 Ib Al/gallon x 
454,000 mg/1b = 15.98 nig/ day 

NOTE: Assumes 25 gallons finished spray and 0.04 1b Al 


diflubenzuron/acre 
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F. Tractor-drawn Boom Applicator 


1. Dermal exposure 


22.4 mg/hour x 4 hours/day x 02-04 (application rate factor) 
3 


1.19 mg/day 


Fase Respiratory exposure - 


0.12 mg/hour x 4 hours/day x 0.04 (application rate factor) 
3 


0.0064 mg/day 


GYPSY MOTH 

Formulation and Wse Patterns. The 25% wettable powder formulation will be 
used in the application of diflubenzuron to hardwood trees for control of the 
gypsy moth. It will be applied at a rate of 0.0625 - 0.125 lb Al/acre in a 
total spray volume (water) of 0.5-2.0 gallons/acre. For mist blower 
applications, the rate is 1.5-10.0 gallons/acre. Application is to be made only 
by federal or state personnel involved in pest management programs, or persons 
under their direct supervision. Application is restricted to a single treatment 
prior to full leaf expansion when the larvae are in the first, second, and third 
instars. Application by aircraft will involve the fixed-wing type. 
Representative parameters for the use of diflubenzuron in gypsy moth control ere 
shown in Table 32. 

Based on actual township demographic studies in Michigan for the areas 
being sprayed for gypsy moth, the area averaged 1 home/10 acres. Assuming an 
average of 4 people/home, this would represent 4 people/10 acres. Considering 
time of treatment (May 15 - June 10), ib 3S NOLaLiKe) ye Liatamore tian one 
person/home would be outside during spraying. 

For the reenact CoN td SDE SONY) ethesarea might “average 2 lousy 10 


acres. Thus, 8 people/10 acres would be subject to potential exposure. 
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Table 32. Parameters for fixed-wing aircraft a ear of diflubenzuron 


for control of the gypsy moth. 


am 


Formulation 

Equipment 

Nozzle size 

Droplet size 

Flying speed 

Boom pressure 

Flying height 

Rate of application 

- Volume of application 
Carrier 

Number of applications 


Application time 


W25 wettable powder 
Fixed-wing aircraft 
8002-8006, Tee-jet 

90% over 200 microns 
100 mph 

20-40 psi 

10-30 feet 

0.0625 1b Al/acre/season 


1 gallon 


water 
1 per season 


May 1 to June 10 


Note: Approximately 50% foliage development which will 
vary the timing of application because of elevation 


and geographic location. 


Swath width 
} Swath length 
Flying time/day (avg) 
Swath time/day (avg) 
Days flying/week 
Number of hoursin swath/season 


for 6 week spray period) 


Frequency of treatment 


60 feet 


‘1/2 mile 


3 hours 

1 hour 

5 

30’ hours (5 hours/week 
for 6 weeks) 


Possibly oe treatment 
every 3-5 years 
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Assuming that 1 person out of 4 per family would be outdoors at the time of 
spraying, the direct exposure would be 2 people/10 acres treated. 

In other areas of the Northeast, the areas to be treated will be totally 
residential and there will be as many as 300 or more people/10 acres. This is 
assuming 1/8 acre lots with 4 people/family, or more than 30 people/acre. 

Again, assumming 1 person of 4 to be outdoors at the time of treatment, this 
would be 8 people/acre exposed for a period not to exceed 5 minutes. For the 
more Western areas of gypsy moth infestation, the concentration of human 
inhabitants would likely reflect the Midwest condition. The total projected 
acreage for gypsy moth treatment is about 500,000. This is the estimate of need 
for control, containment, and eradication programs for 1979, 80, and 81. 

Asstinpt Tons» The following assumptions were made to permit calculations of 
human exposure as a result of diflubenzron's use against the gypsy moth: 

A. Same as assumption A, cotton exposure section 

B. Same as assumption B, cotton exposure section 

C. Tank filling operations require 40 minutes/day for one 500 gallon 
mix/day. At 0.0625 lb Al of diflubenzuron/gallon and 1 gallon finished 
_ spray/acre, 500 acres would be treated, requiring 25 bag openings (5 1b. bags). 
D. Same as assumption E, mosquito exposure section, except that the 


correction factor is calculated as follows: 


0.06 


= = 0.13 
0.46 


F. Same as assumption 1, cotton exposure section. 
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Unit Exposure Calculations. Based on the assumptions and use patterns 


discussed above, the following unit exposure calculations can be made. 
A. Mixer-Loader 
1. Dermal exposure (see assumptions B, C) 
92.9 mg/hour x 4/6 hours/tank filling = 35.5 mg/day 
2. Respiratory exposure (see assumption A) 
10 mg/m? x 1.8 m?/hour (normal breathing rate for light work) 
x 0.0028 hours/bag opening x 0.25 (concentration factor) = 0.013 
mg/bag opening 
B. Pilots (see assumption E) 


1. Dermal exposure 


1.18 mg/hour x 1 hour/day x 0.06 = 0.07 mg/day in spray swath 
2. Respiratory exposure 
0.08 mg/hour x 1 hour/day x 0.06 = 0.005 mg/day in spray swath 
C. Residents Living Within Sprayed Area (see assumption D). 


3.556 mg/0.3 me of exposed body surface x 0.13 = 0.46 mg/0.3 me 


of exposed body surface. 


DOUGLAS-FIR TUSSOCK MOTH 


Formulation and Use Patterns. The 25% wettable powder formulation will be 
used in the applications of diflubenzuron to coniferous trees for control of the 
Douglas-fir tussock moth: It will be applied a maximun of once/year at a rate 
Or 0.425 tb *hAl/acre. “Because of the rugged. terrain involved, all treatments 
will be conducted by helicopter. . Table 33 gives representative parameters for 


diflubenzuron's use against the tussock moth. 
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for control of the Douglas-fir tussock moth. 
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Parameters for aerial (helicopter) application of diflubenzuron 


ct 


Formulation 
Particle si 
Equipment 

Representat 


Particle si 
nozzle 


ze of formulation 


ive nozzle 


ze distribution of 


Flying speed 


Boom pressure 


Altitude 


Application rate 


Volume of application 


Frequency of application 


Time of application 


Hours spent 


Note: 


Hours spent 
‘Average len 
Average wid 


Average acr 


Number of f 
Average $1Z 


Note: 


Average loa 


Fl ying/day 


W25 wettable powder 

2-5 microns 

Helicopter 

Beco-Mist - with #80 head 
90% greater than 200 microns 


with less than 10% less than 100 
microns 

80 mph 

30-40 psi 

25-50 feet above foliage 

0.125 Ibs Al/acre 

1 gallon/acre 

1 treatment/season 


Early morning - 5-9 a.m. 


3-4 hours 


Because of weather conditions, the average flying.time wil] 
be 3-4 hours out of 10 days and 10 days per pilot out of 


30 day season. 

in spray swath/day 
gth of spray swath 
th of spray swath 


es treated/day 


laggers involved 
e of nurse tank 


Depends on conditions, including: 


3 

Highly variable 

iZ> weet 

20 acres/minute 
1,200 acres/hour 
3,600 acres/aay 
36,000 acres/season 


None 


1,000 gallons 


Does he haul his own water to loading site 


Number of planes operating 
Size of the job 
Specifications of the contract 


d of helicopter 


100-125 gallons 
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Table 33 Continued 


Capacity of nurse tank transfer ; 
pump for loading 50 aqallons/minute 


Time required to fill plane 2-2), minutes 


People involved with loading 
and mixing 1-2 


Note: Will depend on the number of planes operating from 
nurse truck. If operating from a heli-port, will likely 


be two. 
Type of packaging of active ingredient Mostly 25 lb. fiber drums 
with plastic liners 
Total acres to be treated per season 50,000. 
Predicted occurrence of outbreaks Once every 9 years 
Total people exposed per 100 acres 1 


Total people exposed per season 500 
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The forest areas in the Western states where tussock moth outbreaks have 
occurred are principally non-populated areas. Thus, the assumption is made that 
a maximum of 1 person/100 acres would be representative of potential bystander 
exposure. The agreage projected for annual treatment is 50,000. Outbreaks are 
projected to occur about once every 9 years and the next projected outbreak is 
1983. Assuming the above density of population, the maximum number of people 
exposed would be 500. 

Assumptions. The following assumptions were made in the assessment of 
human exposure to diflubenzuron as a result of its potential use against the 
Douglas-fir tussock moth: 

A. Same as assumption A, cotton exposure section. 

B. Same-as assumption B, cotton exposure section. Since exposure is 
related to pouring time - the 25 1b. drum would result in equivalent 
exposure to the five - 5 Ib. bags. | 

C. Tank-filling operations require 30 minutes/day to mix and transfer 1 
batch of 500 gallons. 

D. Pilot exposure to diflubenzuron sprayed from helicopters will be 
negligible in comparison to fixed-wing aircraft due to the aerodynamic 
position relationships ef the helicopter rotor, the pilot, and the spray 
boom. it can be expected that poer ei pilence coaxial to the helicopter 
spray path will be at the trailing edge and removed from the pilot. 

E. Same as assumption E, mosquito exposure section, except that the 
correction factor is calculated as follows:. 
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Unit Exposure Calculations. Based on the assumptions and use patterns 


discussed above, the following unit exposure calculations can be made. 
A. Mixer/Loader 
1. Dermal exposure (see assumptions B, C) 
92.9 mg/hour x 0.5 hours/tank filling x 1 tank/day = 
26.5 mg/day 
2. Respiratory exposure (see assumption A) 
10 mg/m? xoiso m?/hour (normal breathing rate for light work) 
x 0.0026 hours/bag opening x 0.25 (chp eere ation TaClOL) aU .0 lS 
mg/bag opening 
B. Pilots (see assumption D) 
No significant derma? or respiratory exposure 
C. Residents Living within Sprayed Areas (see assumption ay 
$2556 mg/0.3 me body surface x 0.27 = 0.96 mg/0.3 me exposed 
body surface. 
Table 34 gives a summary of the exposure projections discussed ebove for 


diflubenzuron‘s use on cotton, soybeans, forests, and against mosquito larvae. 
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